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A rational method is presented to predict the penetration
of free-falling objects into deep-sea sediments by combining
proven empirical theories from the field of soil mechanics with
known hydrodynamic phenomena. The impact velocity of the ob-
ject and the shear strength profile and density of the sedi-
ment are assumed to be known. The penetration problem was
solved through the use of a computer by equating the work
done during penetration to the energy of the object falling
through air and impacting onto a modeled deep-sea sediment.
The objects were simple geometric shapes ranging in weight
from 500 to more than 1,000 pounds. The impact velocities
ranged from zero to twenty feet-per-second . The results are
compared with full scale tests and recommendations are made
to extend the method to a water-sediment interface. The
method successfully predicts the penetration of objects into
weak, saturated, sediments within the accuracy of the state-
of-the-art techniques for measuring the sediment mechanical
properties. The impact duration time was observed to be
relatively constant and independent of object velocity, shape,
and weight implying that it may be a unique property of the
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I. INTRODUCTION
A. PURPOSE OF INVESTIGATION
Various types of objects will be lost which fall through
the water column and impact on the ocean bottom as man con-
tinues to move more freely on the surface and through the
oceans. Such objects can range from small and very expen-
sive instrument packages to fleet submarines. It is important
to know exactly how far they have penetrated into the bottom
during search operations since complete penetration below the
surface of the sediments may require a search by other than
visual or acoustic methods.
The velocity and free fall attitude of an object that has
been located and photographed on the bottom may be estimated
from the penetration distance if the physical and mechanical
properties of the sediment are known. The impact velocity
and attitude could be potentially useful in reconstructing
the event and also for determining the amount of energy trans-
ferred to the sediment and radiated from the point of impact.
The recovery method and force necessary to break a lost
object free of the bottom during a salvage operation will
depend to some degree upon how far the object has penetrated
into the bottom sediments.
The fields of soil mechanics and foundation engineering
have been concerned mainly with static situations including
the prediction of the very slow settlement that a structure
undergoes as it is erected. The weight is thus applied to
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the soil in progressively greater amounts. Deep ocean
bottom installations may be preassembled , floated to their
site, and allowed to free-fall to a position on the bottom.
The free-fall method of implantment is potentially useful
for ocean structures since it decouples the structure from
the influence of surface motion and tethering lines. Pre-
diction of an accurate initial penetration depth upon con-
tact, therefore, becomes a critical design factor.
An indication of the sediment's mechanical and physical
properties can be obtained by observing probes of known
physical configuration as they penetrate the bottom since
penetration depth depends on sediment strength.
B. SCOPE OF INVESTIGATION
The purpose of this investigation was to develop a method
to predict the penetration depth of objects dropped into a
simulated deep-sea sediment. Experimental data was available
to test and verify the analytical method that was developed.
The full scale experiment employed large, heavy objects and
it was necessary to let the objects fall through air to
allow them to reach a velocity at impact equal to the highest
expected terminal velocity of free-fall through sea water for
very dense objects. In addition, dropping the objects in
air eliminated free fall stability problems as the impact
attitude was effectively controlled and the effects of
angular momentum on the impact were minimized. The sediment
used in the experiment was of re-worked continental origin
characterized by low shear strength and high water content
typical of deep-sea and pelagic deposits.
9

The initial boundaries and limitations that were imposed
on the study were designed to simplify the complexities of
the problem to permit the mechanics to be understood , and
to retain the ultimate objective of practical application of
the method at sea. The conditions are summarized below.
1. The impact velocity at the top of the sediment column
was in the range from zero to 20 feet-per-second. Zero
velocity at the top of the sediment column involved releasing
the object at the sediment surface and its acceleration
through the soft upper layers before coming to rest. The
upper limit of 20 feet per second was believed to be a real-
istic terminal velocity in sea water for most objects.
2. Free fall was assumed,, or gravity was the only down-
ward force acting on the object.
3. The object shapes were limited to simple geometries
with established hydrodynamic properties from theoretical
calcul£itions or empirical tests. Configurations designed to
penetrate, such as a coring tool with a long barreJ. and large
mass on one end were not considered.
4. The sediments were taken to be cohesive, with no
angle of internal friction. They were also assumed to be
low strength, less than four pounds per square inch, and to
have high water contents typical of marine sediments.
5. The study did not include the effect's of any settle-
ment after initial penetration.
6. The minimum factors necessary to predict penetration
depth were considered to be: the impact velocity; geometry
and mass of the object; and the shear strength profile and
density of the sediment.

C. HISTORICAL BACKGROUND
The loss of the U.S.S. THRESHER and the problems involved
in the location of the hull which had penetrated deeply into
very soft sediments served to emphasize the fact that little
was known about physical phenomena associated with deep-sea
sediments and the mechanism of penetration. This disaster
prompted the original full scale experiments carried out by
the Naval Civil Engineering Laboratory and used to verify
the method developed in this study. The THRESHER disaster
also pointed out the difficulties involved in sampling sedi-
ments at deep ocean water depths and using only a few samples
tested in a laboratory to predict as precisely as possible
the sediment's dynamic behavior in- situ. This study is only
a step toward understanding all the variables and their
relationship to each other.
The following is a review of the state-of-knowledge before
the investigation and the technical background. The variables
involved and the development of other penetration equations
are discussed.
1 . State-of-Knowledge
The problem of earth penetration by projectiles is a
classical one of terminal ballistics and an immense amount of
both theoretical and experimental literature exists on the
subject. Empirical attempts to determine the thickness of
earth embankments needed to protect soldiers were made as
early as 1742 [Young, 1969]. In recent years ' the free-fall
penetration problem has been studied to provide protection
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against artillery, to estimate forces acting on a structure
during earth impact such as would be required by orbiting
nuclear power plants that would have to remain intact during
re-entry and landing on earth, and to determine physical soil
properties remotely by an acceleration-time record transmitted
from a projectile penetrometer. The studies have involved
the fields of engineering, mechanics, fluid mechanics, geology,
soil mechanics, aerodynamics, wave propagation, as well as
other disciplines. They were concerned with the problem of
a body falling with high velocity through air and impacting
on hard continental soils. Bibliographies of prior investi-
gations are available [Schmid , 1969 and Young, 1969]. Dynamic
studies in the field of soil mechanics on land are still in
their infancy. Whether they can be extended to structures
and the penetration problems in the deep oceans probably will
remain a question for some time into the future for four basic
reasons
.
First, the velocity of an object free-falling through
water will be much less than the velocity of a similar object
in air. At very low velocities, from zero to 10 feet per
second, the inertia of the object may not be important com-
pared to other factors. In water the added mass of entrained
fluid must be accounted for, but probably would be ignored in
air.
Second, continental soils are quite different from
deep-sea sediments. Sediments in the ocean basins typically
have very small grain sizes, often clay sizes of .005 mm and
12

smaller. The rate of sedimentation is measured fractions of
millimeters per year with very old layered material found
relatively close to the top of the sediment column. Deep-
sea sediments are completely saturated with interstititial
pore water often accounting for half their bulk volume. The
pore water is not the pure water commonly found on land, but
the chemically complicated sea water which causes flocculation
of some sediment particles and the presence of authigenic
minerals near the sea-sediment interface. Lower in the sedi-
ment column, diagensis and cementation between particles
occur forming a loose fabric often with the porosity being
relatively constant with depth. The effects of the low 2
degree centigrade temperature and high 0,000 pounds-per-
square-inch pressure encountered at the median ocean depth
create an entirely different environment than found on the
continents. The degree of reworking by benthic organisms
may also be important in determining the mechanical character-
istics of the upper layers of the sediments.
Third, when measuring the mechanical properties of
the sediments, the amount of disturbance that the sample
undergoes as a result of the sampling process, handling and
preparation for testing, temperature and pressure changes,
and organic growth or decomposition is difficult to precisely
estimate and may vary from one sampling and testing technique
to another [Richards, 1961].
Fourth, if the sediments in the upper layers are
treated as a suspension of particles in a fluid, which may
13

be a valid approach to sediment dynamics if the water con-
tent is over 100 percent, then another problem arises. The
fluid dynamics of non-newtonian materials have been researched
for conduit flows such as slurries in pipelines, but very few
investigations of external flow about a body [Pazwash and
Robertson, 1969], and unsteady flow at a boundary have been
made
.
2 . Prior Investigations
There are only a few records of objects that have
been lost and recovered. The instances where things have
been recovered or photographed to document and determine the
penetration depth together with adequate data about the
mechanical properties of the sediment are virtually non-
existent. The same lack of data exists in reports written
about the few cases where penetration was investigated. The
reports typically set forth equations with empirical constants
and contain no information about the controlling sediment
parameters.
Much literature and empirical information is available
about pile driving. The forcing of a long piling into soft
sediments is, however, quite different from the free-fail
penetration problem.
D. TECHNICAL BACKGROUND
All of the variables were studied, then the development
of the previous penetration equations was researched before
an attempt was made to solve the penetration problem. A
review of the known variables for which data exists was made
14

to develop a method that would be of use at the present
time using available data and techniques.
1. The Variab3.es Involved
Penetration may be a function of more than 20 differ-
ent variables and may be described by the following equation:
f (
V
Q , M, A, z , e , r , S, E , v , p T , <t> , w , s, £ , ^
where
,
n , c , k , 7 , 6 , p , a, h) - o
o wo
V = .impact velocity
M = mass of the object
A = cross sectional area of the object
z
= depth of penetration
r
= surface roughness of the object
S = object shape
e = void ratio of the sediment
E " Young's modulus of the sediment
v - Poisson's ratio of the sediment
p ~ density of the sediment
s x
T ~ time for penetration to occur
~ mineralogic and chemical composition of
the sediment
M
= viscosity of the sediment
s J
c ~ shear strength of the sediment
k ~ permeability of the sediment
s
= sensitivity of the sediment
w - water content of the sediment
7 = dilation of the sediment




£ - post depositional changes of the sediment
p
= density of the water
w J
m
= viscosity of the water
w
h ~ water depth
a ~ adhesion of the sediment to the object
Such a list is self explanatory and is not exclusive
Some of the above properties are related to others, and the
parameters may thus be reduced in number by a dimensional
analysis [Liu, 1969]. Some of the properties, however, are
not amenable to a mathematical analysis, for example the
grain size distribution and the grain's morphology and
orientation in the sediment fabric. A phcnomological
approach to the problem may, therefore, be required [Muga
,
1966] . To put all of the variables .into 3. system of
equations may be an impossible task, and for this reason
the prediction of penetration into deep-sea sediments may
remain somewhat of an art and not susceptible to an exact
solution for some years.
The deep-sea sediment particles accumulated over
millions of years occur in many types which reflect unique
depositional conditions of the earth's history. The
mechanical properties vary widely, as subsequent to
deposition the sediments may have undergone secondary
cementation, diagenesis, recrystallization , and a degree of
reworking by animals in the top important layers [Smith,
1969] . Some problems involved in learning more about deep-
sea sediments are set forth in the following paragraphs.
16

The details of the sea-sediment interface and upper
sediment layers in the depths of the ocean are only grossly
known the world over. In the most studied ocean, the North
Atlantic, Keller [1967], estimates one core has been analyzed
for sediment mechanical properties for every 30,000 square
miles of ocean floor. Less data is available in the Pacific.
The variation of the ocean bottom's nature and the high cost
of about 1,000 dollars per foot of core recovery and analysis
will limit any great expansion of knowledge.
Much input to the design of foundations on land is
based on past local experience incorporated into local
building codes. On land, tests can be conducted and equations
developed that fit special circumstances in certain areas at
considerably less expense than in the oceans. Also a past
history exists for land areas of interest, whereas compara-
tively little has been known of deep-sea sediments until very
recent times. Although the horizontal area variability of
deep-sea sediments may be less than that of continental
sediments, to empirically categorize the seventy percent of
the earth's surface covered by water and anticipate a return
in less than the number of years that have elapsed since
structures have been built on land would be folly.
2 . The Development of Previous Penetration Equations
A review of the development of penetration equations
emphasizes the importance of the various constants that act
to control the penetration depth. The discussion that fol-
lows combines the outlines given by Schmid [1969] , and
17

Young [1969]. First and most basic from Newton's second
law
,
F(t) = Mx(t) (2)
it can be shown that penetration depth is determined if
velocity is known as a function of time. In general this is
not the case for unsteady motion at a boundary.
Other classical equations are also based on Newton's
second law where resistance to penetration is a function of
the instantaneous velocity, V;




(V2 ) + ... f
n
(Vn ) (3)
which postulates that during the first phase of penetration,
at high velocity, the motion is governed by resistive forces
proportional to velocity to some power, and at the final
stages of penetration the resistance is independent of velo-
city. If the functions, f n , f_, ••• ,f , are taken to be1 2 n
constants and the highest power of n assumed to be 2, then
equation (3) simplifies to;
-Mx = a + /3 V + TV 2 (4)
where at high velocities the forces controlling penetration
2
are proportional to V^ or analogous to drag force in fluid
flow. At moderate velocities resistance will be proportional
to the first power of V, analogous to viscous resistance, and
at the last stage, proportional to a constant force indepen-
dent of velocity. According to how the constants in equation
(4) are treated, the following classical equations can be
derived after integrating twice with the initial conditions,
18

V - V at t " o, and final conditions, V ~ o at t - T.
2M V
Robins-Euler z = (constant resisting force) (5)
2 a
M 7 VPoncelet z - y- In (1 + ) (resisting forces (6)
a constant and similar
to fluid drag)
M 7VoResal z ~ — In (1 + ) (resisting forces (7)
"* a similar to fluid
viscosity and
fluid drag)
The question relative to the use of the above equations rests
with the constants, a
, /3 , y , which are determined by the geo-
metry and mass of the object and the type of medium being
penetrated. Schmid [1969] discussed several empirical
penetration equations from the literature which are vari-
ations of the above classical equations. The constants were
determined from high velocity impacts on continental soils.
Thomason and others [1968] used Poncelet' s equation
to determine the amount of charge required for an explosive
anchor system.




2 gib v ' a o'
p = W = weight of projectile
A normal frontal area
a = constant related to the shatter strength
of the medium (for "mud" a ~ 320 psi)
b ~ an inertial coefficient for the material
i - a form factor, usually 1.0

Evaluation of a and b is a problem and unfortunately
a comparison of predicted and actual penetration was not
given. However, the penetration depth's dependence on high
velocity was illustrated.
Young [1969] presented a semi-empirical solution to
the penetration problem derived from 160 full scale tests on
continental soils with impact velocities ranging from 100 to
1,000 feet-per-second . Penetration was treated as three
phases: (1) impact, (2) moving through the soil, and (3)
coming to rest. The phenomena of entry is not the same as
moving through the soil, but the surface effect of entry was
found to be negligible after the object had penetrated three







(W) f4 (Vq ) f5 (N) (9)
where
S ~ a shape parameter of the object
A = cross sectional area of the object
W ~ weight of the object
V = impact velocity
N ~ constant dependent on soil properties
averaged over penetration distance
Two equations were determined for two ranges of velocity,
one for less than 200 feet per second and one for greater
than 200 feet per second. The low velocity equation was:
z = 0.53 (N) (S) (~)ln (1 + 2 x 10" V*) (10)
and nomograms were given for easy solution. All Young's data
fitted within + 20% deviation. Again it should be noted that
20

the soil property constant, N, could vary by a factor from 1
to 50 and "was arbitrarily assigned by those knowledgeable
in the field"
.
If penetration is treated as being resisted by viscous
forces only, the following results according to Schmid [1969];
Mx = A V(t) (11)
which has as its solution




When t goes to infinity, the maximum penetration becomes:
V
z = -2 (14)
a
but again resolving the viscous parameter of the sediment,
fj. ,
and establishing a realistic time, t, become difficult.
Soils do not behave as isotropic, linearly elastic
materials, except possibly at very small strains [D'Appolonia
and Lambe , 1970]. Penetration into a material causes the
elastic limit of the material to be exceeded and theories of
elasticity cannot be applied directly to the problem.
Theories of elasticity and plasticity applied to problems
of deformation assume idealized stress strain laws which are
not well suited to soils and more basically ignore the
important dimension of time, and assume that the state of
strain is instantaneous.
Various viscoelastic models, Figure 1, with combina-
tions of Kelvin and Maxwell models, of a sediment can be
21

assembled and solved by Laplace or Fourier transforms, if








Figure I. KELVIN AND MAXWELL VISCOELASTIC MODELS
However the problem of determining the necessary soil param-
eters is non-trivial, and to get a unique solution, several
sets of parameters are required [Schmid , 1966].
Modern advances in rheology and the continued develop-
ment of the finite element method with appropriate yield
criteria such as developed by Noh and Wilkins in 1964, and
outlined by Schmid [1969] , and the analysis of the initial
settlement problem by D'Appolonia and Lambe
,
[1970] , may be
useful but again the problem of relating all parameters and
determining the stress-strain behavior and yield criteria of
a rheologically complicated material such as deep-sea sedi-
ments, may remain elusive for the near future.
In very weak, high water content, deep-ocean sedi-
ments, the penetration problem is somewhat similar to the
problem of ship slamming. Studies of ship slamming and
unsteady hydrodynamic impacts at a water surface have mainly
been concerned with peak pressure, velocity-time relation-
ships as a function of the form of a structure as it penetrates
22

a fluid boundary and not penetration depth. Extensive
literature and model test records exist [Ochi, 1962].
A method to estimate the impact velocity from the
observed penetration depth was developed by Mandl and Givens
[1964] after an aircraft was lost and crashed into soft clays
in northern Canada. The method developed and explicity
solved an equation of motion for a sphere and cylinder
penetrating at high velocities into a Leda clay
~(m* + M)x = Mg - F - D (15)
where
F = the static strength of the clay, a function
of penetration depth only
D ~ a drag force considered a function of
penetration depth, velocity and time
Experimental tests of high velocity impacts into clay,
(greater than 800 feet per second) confirmed that the method
overpredicted penetration depth. The over-prediction was
expected since viscous dissipation and elastic wave initi-
ation were ignored.
After a detailed examination of mathematical methods
available for analysis of unsteady motions of an object
crossing an air-water interface, Moran [1965] , concluded that
none of them could yield a uniformly valid approximation to
the solution of surface crossing and that the best hope for
obtaining a reliable estimate was with numerical analysis.
3 . Known Variables for Which Data Exists
Since all of the methods reviewed rely totally on the
ability of the selected variables and constants to correctly
23

parameterize the penetration problem, it was necessary to
review what is known about the variables. The physical
properties of the object are assumed to be known but the
description of the sediment strength is subject to the
interpretation of empirical tests or, in some instances,
phenomenological observations. Even though deep-sea sedi-
ments are very different from continental soils, a review of
what has been learned about the mechanical behavior of fine-
grained clays on land and what is known about deep-sea sedi-
ments is necessary to assemble a workable solution. Also
the problems of sampling and testing at sea cannot be
ignored
.
Information about the following parameters; density,
water content, void ratio, shear strength, and sensitivity,
which describe the mechanical behavior of deep-sea sediments,
either exist in the literature or may be easily determined
through laboratory tests which have been standarized and
soon may be routinely performed at sea on oceanographic
vessels.
The bulk density of deep-sea sediments is determined
from routine measurement of the weight of a known volume of
sediment. Typical values range from 74 to 125 pounds per
cubic foot with the most common sediments in the range from
78 to 109 pounds per cubic foot [Keller, 1967]. The bulk
densities of North Pacific sediments are generally lower
than those of the North Atlantic.
The void ratio and porosity are a measure of the
volume of sediment in a sample compared to the volume of
24

voids, which are filled with sea water in the case of deep-
sea sediments. They are also a measure of particle point to
point contacts and bonds [Schmid , 1969]. The measurement is
easily made with a pycnometer that measures that volume of a
known weight of oven-dried sediment.
Sensitivity, the ratio of the original undisturbed
shear strength to a remolded and disturbed shear strength,
is important to the penetration problem since the object
moves through disturbed sediment during penetration. Its
importance is hard to estimate since most samples are dis-
turbed to some degree. Mitchell and Houston [1969] indicate"'
that in the range of sensitivity from 1 to 8 , typical of
deep-sea sediments, the mechanism that causes sensitivity is
chemical cementation, which is not well understood by soil
mechanists but obviously important.
For a cohesive sediment, the strength is a measure of
the sediment's ability to resist mechanical deformation.
Large masses of cohesive soils generally fail along a sur-
face and hence the strength of a cohesive soil is defined as
shear strength. For purely cohesive sediments undergoing
large deformations, particle to particle interactions which
would cause an "angle of internal friction" and increase in
the strength of the sediment are generally assumed not to
exist. However, as more sophisticated testing techniques
are developed, this may prove to be an erroneous assumption.
Typical values of shear strengths were given by Keller
[1967] to range from .25 to 2.5 pounds-per-square-inch , with
25

the most common range between .5 and 1.5 pounds-per-square-
inch. The North Atlantic basin sediments have slightly
higher strengths than the North Pacific. The presence of
carbonates will increase shear strength, but few carbonates
are found below 12,000 feet. In the Gulf of Mexico, Bryant
and others [1967] , found shear strengths of silty clay
turbidites of the abyssal plains to range from .3 to 1.1
pounds-per-square-inch with the pelagic sediments of the
continental slopes having strengths up to 5.9 pounds-per-
square-inch .
Richards [1967] predicted that a reduction of in-situ
strength would be caused by sampling and laboratory testing
and that the reduction might be proportional to the grain
size, the amount of gases in solution, and temperature in-
creases that cause increased bacterial action. However
,
samples tested in-situ at 300 meters with a vane device
correlated well with tests from cores taken from the same
area a year earlier and tested with a fall cone and laboratory
vane [Richards, 1967]. Recent experience indicates this may
have been an isolated instance of agreement.
Laboratory tests to determine the effects of tempera-
ture and pressure on shear strength and consolidation have
been carried out with greatly disturbed, remolded samples
[Vey and Nelson, 1966]. The results were somewhat incon-
clusive due to the small number of samples and difficulties
in instrumentation. The results indicated that there was a
decrease in direct shear strength with increased environmental
26

pressure for a fine grained sediment with high void ratio.
id environmenlThe vane shear tests with increasec
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from the fall cone were more repeatable than the Wykham-
Farrance vane or the Torvane which showed least repeatability,
These results may have been expected since an important
factor in vane shear testing is the rate of loading and the
separation of static and dynamic resistance [Housel, 1959].
The vane test's advantages are: First, it can be
conducted in-situ and a strength-depth profile is easily
obtained where all other methods require reentry of a hole,
which may be very difficult in the deep ocean, or discrete
sampling which disturbs the sediments. Second, it is a
simple inexpensive technique when compared to sampling and
laboratory testing. Third, it does not require a system of
weights or free-falling objects to cause the soil to fail
and therefore has the potential to be used at sea on a
rolling, pitching ship.
The vane test limitations can be summarized as
:
First, it can only be used in uniform, saturated, cohesive
sediment. Second, when done in-situ it does not obtain a
sample for evaluation. Third, it imposes a failure surface
which may not be the weakest surface or relevant to the
problem being studied.
Eden [1966] found that the vane will yield higher
strengths with more consistent results in sensitive clay
with shear strengths less than ten pounds per square inch
when compared to a fall cone. This is in conflict with the
more recent tests of Kravitz and emphasizes the problems in
testing. Kravitz made statistically significant tests on a
28

laboratory prepared montmorillonite sample and Eden tested
natural clays.
Shear strength values from a vane were found to be
15% higher than those obtained by an unconfined compression
test on Gulf of Mexico slope sediments [Morelock, 1969].
This may be partially balanced by the findings of Inderbitzen
[1970] who found that laboratory vane measurements were 22%
lower than in-situ measurements made from DEEP QUEST at a
depth of 3,500 feet. This is in rough agreement with the
estimation made by Crisp [1968] , of a decrease in shear
strength due to an expansion of pore water caused by tempera-
ture and pressure changes. Crisp estimated that an expansion
of pore water by two percent would occur by raising a sample
from 12,000 feet deep and 2 degree centigrade temperature to
surface temperature and pressure. This expansion could
significantly alter the strength properties of a sediment
and Crisp showed shear strength should decrease 10 to 15
percent
.
The in-situ tests conducted by Inderbitzen showed a
uniform increase in strength with depth in the sediment, but
the laboratory tests were erratic, suggesting that the differ-
ence may have been caused by disturbance during sampling and
preparation for testing.
Penetrometers offer the great advantage of potentially
being self-contained instruments. They either record or
transmit a force versus time curve from which depth of
penetration by integration and soil properties can be
29

inferred. In order to extrapolate to different shapes and
velocities, however, the curve's shape must be a character-
istic of the sediment parameters. There are real problems
with instrumentation and directional stabilization as the
penetrometer penetrates since centric impact rarely occurs
with other than symmetrical objects [Schmid , 1966]. Three
other problems also complicate the penetrometer approach to
determining sediment properties in the oceans. First, to
get deep information, the penetrometer must have enough
energy to penetrate, and at low terminal velocities in water
it will probably require a smooth, known, driving force.
Second, viscous forces may predominate on small penetrometers
making extrapolation to larger objects very difficult. Third,
penetrometers do not retrieve samples for analysis of other
sediment parameters.
Acoustic sounding and seismic methods do not discrim-
inate enough of the structure of the upper layers of sedi-
ments important to the penetration problem to allow their use
at the present time. In the future the use of high frequency
pulsed sources mounted on deep vehicles, hold promise for
better resolution of the upper layers.
The methods of determining sediment strength that
have been discussed were developed for use in classical
foundation engineering where a safety factor based on
engineering judgement would be applied to the final result.
The penetration problem is quite different as it requires an
exact answer since an error factor of two could mean the
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difference between an object being completely buried below




II. METHOD OF ANALYSIS
Prior to a discussion of the method used to solve the
penetration problem in the air-to-sediment case and the
modifications required for use at sea, it is suitable to
quote directly from Terzaghi and Peck [1948] .
"Because of the unavoidable undertainties involved
in the fundamental assumptions of theories and in the
numerical values of the soil constants, simplicity is
of much greater importance than accuracy. If a theory
. is simple, one can readily judge the practical con-
sequence of various conceivable deviations from the
assumptions and act accordingly. If a theory is com-
plicated, it serves no practical use until the results
are condensed into graphs or tables that permit rapid
evaluation of the final equations on the basis of
several different assumptions."
A. ASSUMPTIONS THAT PERTAIN TO THE SEDIMENT
Deep-sea sediments are not well defined in the literature
dealing with soil mechanics. Therefore a list of important
assumptions considered in developing the penetration pre-
diction method are stated :
1. The sediment is completely saturated with sea water.
2. The water content of the sediment is 7 5 percent or




3. Organic material that would tend to bind the sediment
particles together is either absent or is present in very
small quantities.
4. The sediment will fail along its weakest plane.
5. The only shear resistance is cohesion.
6. The initial penetration takes place in such a short
time that the effect of permeability is nil. In a study of
time-dependent deformation of clays Barden [1969] noted that
the effect of adsorbed water on individual particles was that
pore pressure equals the applied pressure at the first
application of load.
7. Any lithification or cementation that may have developed
along individual particle-to-particle contacts is broken at the
time of impact. This implies a portion of the sediment is
remolded at impact. If the particles do not react with one
another by other than mechanical means, the mixture will
behave as a viscous fluid [Peck and others, 1953, Pazwash and
Robertson, 1969]
.
8. Shear strength varies in an irregular manner with
depth. The variation of velocity gradients is greater in the
deep ocean basins than over shallow areas [Ewing and Nafe,
1963] which implies that deep ocean sediments have been
deposited in layers. This is confirmed by visual observation
of deep-sea core samples which often show horizontal layers
of different colors and textures. When studying in-situ
strengths, Inderbitzen [1970] found that horizontal vari-
ations were much less than vertical variations. He also
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found that the percentage of variation in shear strength
decreased with depth, which may indicate that biological and
chemical processes are taking place in the upper layers and
minimal consolidation occurs.
9. The bulk wet density of the sediment can be considered
constant with depth in the surficial sediments. The shear
strength of a saturated sediment depends to a large extent on
the structural arrangement of the particles and Scott [1967]
points out that soils can have different structures at the
same density, but may not have the same structure at differ-
ent densities , which implies that shear strength is not a
unique function of density. X-ray diffraction and polarized
light microscope techniques cannot reveal the details of
particle configuration or orientation in fine-grained marine
sediments. However , electron microphotographs of sediments
from the Gulf of Mexico show them characterized by a loose,
open arrangement of randomly oriented particles and that
particle rearrangement resulting from grav itational consoli-
dation is not apparent [Bowles, 1969].
10. The energy transmitted to the sediments in the form
of elastic or gravity waves from the initial impact shock is
negligible in comparison to the total energy dissipated during
penetration. Impacts on soils and fluid media have been
studied for a long time, but there is a very difficult instru-
mentation problem with detecting energy transmitted away from
the impact site. According to Hunter [in Schmid , 1966] the
Hertz impact theory, which refers to impacts in the elastic
34

range, states that the portion of total energy that is
vibrational energy is very small as long as the impact
velocity is less than the velocity of sound in the medium.
Schmid [1966] measured the distant dynamic disturbances
caused by a small penetrometer impacting into materials whose
rheological properties were known or easily tested, such as,
greases, wax, and homogeneous soils. High frequency vibration
was detected in the hard materials and it was determined by
use of surface accelerometers that the largest amount of
energy propagated from the point of impact was 4.3 percent
of the total energy available. His calculated propagation
speed suggested that the motions measured at the surface
were Stoneley waves. Ochi and Bledsoe [1962] when conducting
model tests of ship hull forms slamming onto a water surface
found that forces were very large for .01 seconds and pressure
due to impact phenomena were over within .07 seconds, yet the
model's velocity decrease during this time was less than 4
percent. Chuang [1970] in a similar investigation, did not
detect any significant acoustic pressure variations at a
distance away from the impact point and concluded that water
could be considered incompressible for impact velocities from
to 50 feet per second.
B. METHOD OF SOLUTION FOR THE AIR-TO-MUD CASE
A rational, phenornenological approach was used to solve
the penetration problem rather than an empirical method
because of the poor state of knowledge that exists relative
to actual behavior of deep-sea sediments. With engineering
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judgment, this method may be extended to different objects
and different cases more easily than an empirical approach to
the problem.
1. Role of Hydrodynamics
The sediment was treated as a homogeneous, incompressible
fluid to enable an estimate to be made of (1) the momentum
transferred from the body to the sediment, and (2) the drag
forces exerted on the object at high velocities. If the sedi-
ment was a true fluid it would have an infinite strain for an
applied stress. Therefore, the forces required to initiate
failure in the sediment and bring the body to rest were taken
as the forces calculated using the ultimate bearing capacity
formula developed by Prandtl and Terzaghi.
Treating deep-sea sediments as fluids has been an
approach applied to the study of turbidity flows and slumping
on the continental slopes. The term "spontaneous liquefaction"
is often used when referring to saturated clays and implies
fluid properties. Briefly, Morgenstern [1967] states that
liquefaction occurs when the sediment is loaded to the collapse
stress of the sediment fabric and the load is then transferred
to the interstitial pore water. The increase in pore pressure
then produces hydraulic gradients which further disrupt the
sediment fabric causing the solids and pore water to flow
macroscopically as a viscous fluid. Houston and Mitchell
[1969] describe the fluid phenomena as occurring in sensitive
clays which contract during shear because of their open
fabric. If the clays are saturated, the contraction tendency
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results in a large transfer of normal stress from the clay
skeleton to the pore water causing pore pressure to increase.
In saturated deep-sea sediments this transfer of normal stress
may be almost instantaneous. Continuing the description of
Houston and Mitchell [1969] , as the remoulding caused by con-
tinuing strain becomes more pronounced , the effective normal
stress may fall to a very low value. Very little strain is
required to break bonds at particle contacts and there is
some build-up of pore pressure even before a significant
number of bonds are broken because of slight elastic compression
of the fabric and incompressibility of the pore water. The
resistance of sensitive clays due to dilational energy was
determined to be small or absent by Houston and Mitchell [1969]
,
and Walker [1969]. Because, first, at high void ratios little
or no tendency toward dilation was observed during shear, even
at high strains, and second, the effective stress had been so
reduced at high strains the mobilized resistance of the clay
fabric was small. Mandl and Givens [3.964] when conducting
high velocity penetration tests into a clay, judged that the
compressibility phase of impact lasted until the surface
boundary breaks and that the static yield strength of the
clay was exceeded by many orders of magnitude under impact
and the clays behaved in a dynamic manner similar to a fluid.
Schmid [1966] when conducting low velocity free-fall impact
experiments on a clay also observed that liquefaction occurred.
Another reason to treat deep-sea sediments as a fluid
was that their bulk wet density has a narrow range of variation
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with depth in the upper layers of sediment and the assumption
of a median density over the range of expected penetration is
a good approximation.
2 . Ultimate Bearing Capacity Equation
The bearing capacity of a soil is a measure of its
ability to support a load relative to its limiting equilibrium.
According to Harr [1966] , the first rational approach to
developing a method to predict ultimate load carrying capacity
of a soil was provided by Terzaghi who recognized that if the
three dominant factors contributing to bearing capacity, the
weight of the soil, the effects of surcharge, and the strength
parameter of the soil, could be assessed, a good estimate of
bearing capacity would be obtained. Terzaghi chose as a model
of the failure mechanism of the soil the solution to the prob-
lem of penetration of circular punches into metal as developed
by Prandtl and Reissner. In the original solution Prandtl
was able to neglect the effect of the weight of the metal
moved to the influence of surface loadings on the surrounding
material. When the material was assumed to be isotropic and






On the basis of experiments and Prandtl* s solution, Terzaghi
and Peck [1948] derived the following semi-empirical equation
for the bearing capacity of a circular footing.
q = 1.3c N +7D, N + .6 7 NT (17)^ c r q '

where q ~ pressure at surface to cause failure (psi)
c
= cohesion or shear strength of the soil (psi)
7 ~ unit weight of the soil
D f
= depth of footing below the surface of the soil (in)
N ,N , N = factors which depend on the anqle of internal
C Q Y
^ friction and depth of footing
The first term represents a contribution due to the
shear strength of the soil, the second the effect of material
removed by putting the footing below the surface (equivalent
to buoyancy in water) , and the third term, the effect of an
angle of internal friction (assumed to be zero for deep-sea
sediments) . The equation is modified slightly for square or
oblong footings and Meyerhof [1961] gives constants for wedge
and cone shaped footings. More complete discussions of the
bearing capacity equation and slight variations in the values
of the constants can be found in texts on soil mechanics
[Terzaghi and Peck, 1943; Harr , 1966; and Hough, 1969].
Terzaghi's equation was the closest to Prandtl's (which
requires theoretical failure surfaces) and it has been
empirically verified for many years. It was therefore
selected as a reliable relationship for estimating the static
strength of deep-sea sediments. The values of the constants
and the shapes used in equation (17) are given in Table I.
In the bearing capacity equation, the shear resist-
ance mobilized on the failure surface of any surcharge
material is neglected, hence the equation is conservative
and relates only to events occurring below the footing or
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penetrating object. fouring penetration, static resistance
will occur in the undisturbed portion of the sediment below
the deepest penetrating part, the other surfaces of the
penetrating object are subjected to remolded sediment or
sediment already set in motion by the penetrating object.
Therefore the bearing capacity equation constants used in
penetration prediction were considered to be for shallow
footings for all depths of penetration.
3. The Character of Failure
Before a final method of solution was selected,
motion pictures of penetrations into soft sediments and still
photographs of soil failures were studied. In the motion
pictures, the sediment was observed to move laterally outward
from the object, and have somewhat of a separation point from
the object. While dropping plates vertically into a simu-
lated sediment, Erchul [1968] found that polymer coatings to
reduce drag on the plates had little effect at high entrance
velocities and postulated that the sediment may not have been
in contact with the plates. He also observed that at low
velocities the lubricants did reduce adhesion to the plate
and considerably greater penetration occurred with lubricated
plates compared to unlubricated ones.
To find a qualitative indication of the effect of
fluid in interstitial spaces, Rowe and others [1962] dropped
probes into finely ground (less than 40 microns) silica dust.
At atmospheric pressure the dust displaces laterally and
craters were formed. In a vacuum with no air in the inter-
stitial spaces, resistance to penetration was 100 percent
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greater and the dust did not move laterally and no mounds
or craters were formed.
The motion pictures of penetrating objects in the
test pit. revealed little splatter and little surface dis-
turbance at a distance from the penetration point. Clark
and Robertson [1965] observed motion pictures of a buoyant
body exiting from water and came to the conclusion that
energy lost due to surface effects was small. Moran [1965]
also arrived at the same conclusion.
4. Equation of Motion
Since penetration is a dynamic phenomena involving
the unsteady motion of a body, the first attempt at evalu-
ating the penetration depth involved writing an equation of
motion for the object as it penetrated the sediment. The
final solution required a work energy approach that allowed
the change in velocity and penetration depth to be determined
incrementally with a computerized numerical scheme without
the requirement to integrate the equation of motion and
establish the instantaneous relationship between force, mass
and acceleration.
The forces acting on an object penetrating a sediment
characterized as a fluid with a static strength are shown in
Figure 2. The equation of motion can be written as follows:
Ma - \ Applied Forces (18)
Where the applied forces are: weight of the object, the sedi-
ment static strength, the buoyancy provided by the sediment,
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Figure 2. FORCES ACTING ON A PENETRATING OBJECT
The change of the body's motion as it penetrates the
sediment is the equivalent of the resistance encountered by
the body, or the energy involved in the change is equal to
that expended in propelling the body. Momentum is trans-
ferred to a surrounding fluid by; (1) a certain volume of
fluid being accelerated uniformly, (2) the fluid being put
into turbulent motion, (3) compression waves, (4) gravity
waves or spray [Hoerner, 1958]. All of the momentum is
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eventually consumed by viscous friction. The last two modes
of momentum transfer have been assumed to be negligible for
the velocity ranges and object sizes under consideration and
were discussed previously.
The treatment of the drag force, or the momentum put
into the fluid by turbulent motion and viscous drag, outlined
below, follows that given by Mandl and Givens [1964],
The drag forces cannot be evaluated easily for unsteady





+ cdJ- < 19 '
The first term represents the contribution due to viscous
drag; the second is that due to form drag; /3 is a constant
depending on the shape of the body and is usually represented
by the first term in an infinite series (Oseen's approximation)
64For a circular disk placed broadside to a stream (3 " — , while
for a sphere /3 - 24 (Lamb) . The term C corresponds to the
Moo
asymptotic case as Reynolds number approaches infinity in
Navier-Stokes flows, it depends on geometry and not the fluid
dynamic properties. Inspection of experimentally obtained
drag coefficients versus Reynolds number relationships for
bluff bodies show that C, is a slowly varying function at
large Reynolds numbers. For bluff bodies with sharp edges
nearly all the drag is form drag. The experimentally deter-
mined values of C. in the case of bodies with sharp edges is
approximently 1.0. For bluff bodies without sharp edges,
such as spheres, the form drag also depends on the position
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of flow separation which in turn depends on the critical
range of Reynolds numbers. The equation of motion then
becomes :





If the viscosity of clay is taken to be on the order
-3 2
of 3 x 10 , lbs - sec/in [Whitman in Mandl and Givens , 1964]
,
the Reynolds number for the objects that were under study with
a three foot maximum dimension and with a velocity of ten
2
feet-per-second , is on the order of 2 x 10 . Admittedly a
constant value of viscosity for a rheologically complicated
substance such as a deep-sea clay is a gross over simplifi-
cation, but the order of magnitude of the terms indicates that
the viscous drag contribution to the equation of motion may
be ignored [Mandl and Givens, 1964] . Also, towards the
terminal phase of motion where the effect of viscosity is
liable to increase rapidly with decrease in the rate of
strain, the influence of viscosity will be negligible since
the velocities are small and the. other terms in the equation
are larger by several orders of magnitude,' Since form drag
represents pressure forces on the body which are significant
at the higher velocities, it could not be neglected.
5. Added Mass Effects
Another reason to treat the sediment as a fluid was
to have a method available to estimate the volume and velo-
city of sediment displaced as the object penetrated. Womack
[1967] verified that the amount of saturated clay moved
during penetration was equal to the size of hole created.
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The energy required to move the sediment is conserved since
once the sediment is put in motion by the object it will
continue to move away from the object creating a larger
crater as the object is slowed by other forces. It is very
important though, because the drag term of the equation of
motion is dependent on velocity squared and the inertial
effect of the sediment motion will alter the velocity-time
history of penetration which has significant effects depend-
ing upon the shape and impact velocity of the object.
Added mass is caused by hydrodynamic pressure forces
which are proportional to the instantaneous values of accel-
eration and according to Wendel [1950] appear to have the
same value in a viscous or inviscid fluid as long as small
bodies are not involved. The added masses were determined
according to equations and methods given by Saunders [1957] ,
which are tabulated in Table II.
The assumptions pertaining to the fluid approximation
of deep-sea sediments can be summarized as follows and are
the same as given by Moran [1965] in a study of water entry
and exit.
1. Irrotational flow - viscous effects on the pres-
sure felt by the body are generally small and the variations
in inviscid forces are more important than viscous drag.
2. Incompressible flow - impact velocities are well
below the speed of sound.
3. Surface effects are negligible.
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The problem with determining depth of penetration
from equation (20) is that it cannot be integrated during
the unsteady motion of an object transiting a fluid boundary
from one fluid to another. This is true for the following
reasons: (1) m' , the added mass and mass of the displaced
sediment, is a function of depth of penetration for an object
whose submerged portion changes shape as it submerges; (2)
the dominant term, that of static soil strength, varies with
the depth in a highly irregular manner; (3) the location of
the air-to-sediment boundary condition is unknown a priori;
and finally, (4) the flow is unsteady.
6 . Transformation of the Equation to Work-Energy
The equation of motion may easily be resolved into
an equation of energy and work which is time independent and




Multiplication by dx gives
EFx dx = Mdx^ (f) =M| d <§) (22)





dx = 1/2 M (|^) + C (23)
The left hand term represents the work done on M during the
interval dx and can be evaluated if F is a known function
of x. The right hand term represents the corresponding
change in kinetic energy of the object.
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Kinetic energy is a scalar quantity that depends only
on the mass and magnitude of the velocity. Since the velocity
is squared it is always positive. The total mechanical energy
of the body is equal to:
E = KE + PE (24)
For an object penetrating the sediment and coming to rest,








This simple balance states that the total energy E, of the
object at the beginning of an interval plus any energy put
into the object minus any energy taken out must equal the
final energy, E„ , of the object at the end of the interval.
When the object has lost its energy in overcoming buoyancy,
static soil strength, inertia of the sediment, and drag, it
will stop its motion.
A particular reference level for the energies is not
needed since energy is relative. The potential energy
depends on an arbitrary selection of datum for zero potential.
Also the kinetic energy is arbitrarily expressed relative to
the condition at zero velocity. Hence any physical measure-
ment over an interval describes a change in energy. It
follows that reference to an arbitrary datum used for the
expression of energy will cancel.
The work-energy method approach to solving a problem
is powerful but dangerous because an answer is always obtained
with no indication that the answer is correct. The method
balances work to equal energy available and if a portion of
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of the energy available is not considered, or incorrectly
computed, work is still done and an answer results. In the
unsteady case of penetration, using an iterative solution
almost requires a computer because errors in computation will
not be indicated but will appear as energy gained or lost.
The answer will not appear wrong unless a gross error was
made.
In analysis of the penetration problem only mechani-
cal energy was considered, with the sediment and object
being a conservative system in the gravitational field.
Thermal, chemical, electrical and atomic energies were
neglected
.
7 . Method of Solution Used with a Computer
The numerical iteration scheme used to solve the
penetration problem was the same for each object shape.
Briefly, it divided the object into sections or slices in
the same plane as the sediment surface. Then the work
necessary to submerge each section and the work done by
the sum of the submerged sections, the forces due to the
inertia of added mass and displaced mass of the sediment,
the static strength of the sediment, and drag in moving an
incremental distance equal to a section thickness were
calculated and subtracted from the kinetic energy and change
in potential energy of the object. Penetration depth was
determined when the total kinetic energy of the object
equaled zero.
A description in mathematical terms follows and a
block outline of the computer solution is shown in Figure 5.
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Constants and necessary approximations for each object are
listed in Table I. The computer programs are included as
Appendixes C through H.




















= average velocity of the object as it transits
distance x from position to position 1.
(Assumes a linear velocity gradient)
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v - average velocity of the object as it transits
distance x from position 1 to position 2
M ~ mass of the object
m'
= added mass at section 1, plus the mass of
displaced fluid at section 1
m' ~ added mass at section 2, plus the mass of
displaced fluid at section 2
A m ~ m ' - m'
U ~ work done
U, " work done against buoyancy forces as object
transits from position 1 to position 2
U = work done against sediment static strength as
the objects transits from position 1 to
position 2
IK " work done against drag forces as the object
transits from position 1 to position 2
AU = the change in energy of the body as it transits
from position J., to position 2, not including
change in potential energy
E " total energy of the object at position 1
E~ = total energy of the object at position 2





U = J m' v d v (26)
V
l
U = 1/2 m' v
2
2
- 1/2 m' v^ (27)
it follows that







NOTE: 1. Am' was accelerated from a static condition, zero
velocity to the velocity at the end of the section
over which it was computed.
2. Am' was assumed to be zero after the object had
penetrated to its maximum dimension since
separation of the sediment from the object was
apparent at this point.
The incremental distance, x, is fixed, and the various masses
are known as is the work necessary to move the object from
position one to position two. Velocity at position two is





+ PE - AU = 1/2 JMv?, (29)
Combining equation (28) with (23) and solving for v~ gives
- W 2(APB + E i + 1/2 ra i v l - ub - us - Vv
2 - Y (M + Am' + m') (30 »
In the iteration scheme, when v equals zero, the sum of the
increments, x, is the penetration depth.
The work done against buoyancy forces is a straight-
forward calculation that is discussed in elementary fluid
mechanics texts. In the computer iteration scheme where the
sections of an object are taken to be slices with vertical
sides it becomes;
2
U, "~ 1/2 7 A x (for the section being submerged)
2plus ]jP 7 A x ' (for all sections below the one
being submerged)
The work done against drag forces was taken to be:
U
d
= 1/2 p c d A v
2
x (31)
where 7 = bulk wet density of the sediment
Cd
= drag coefficient for the approximate object
shape that is below the sediment surface

A ~ the maximum cross sectional area of the object
below the sediment surface and normal to the
velocity vector
v
= average velocity over the distance moved
,
assuming a linear variation in velocity.
The work done against the sediment static strength
was calculated from the ultimate bearing capacity equation.
U = C. N A c x (32)
s f c v '
where C = a constant depending on footing shape
N ~ a constant depending on the type of sediment
and footing profile
c ~ shear strength of the sediment
When the penetrating object had a flat plane forcing
into the sediment such as a cylinder impacting on end, the
cross sectional area, A, of the flat area and the shear
strength, c, of the sediment at the penetration level of the
flat area were used in the equation above. In the case of
objects with rounded or sloping sides, a judgment had to be
made of a cross sectional area and representative shear
strength. The area selected was the maximum cross sectional
area normal to the velocity vector at the surface of the
sediment, or the maximum cross sectional area of the object
if the area had penetrated beneath the sediment surface.
This method of approximating a sloping or curved surface by
a projected horizontal area appears valid for blunt objects
[Meyerhof, 1967]. Since the shear strength characteristics
of deep-sea sediments in the upper layers appear to change
radically with depth in the sediment column, a shear strength
for equation (32) was determined by selecting an average
52

depth according to the zones of plastic failure implied by
equations (16) and (17). This was selected as one-half of
the penetration depth until the maximum cross sectional area
had been reached, then it became the depth of penetration
minus one half the penetration depth when the maximum cross
sectional area was coincident with the surface of the sedi-
ment as illustrated in figure (4)
.




— depth determining the value of c
sectional area, A
sediment surface
ining the value of c
e maximum cross sectional
area v/as coincident with the sediment surface
Fioure 4. DETERMINING THE DEPTH OF "c" FOR NON-FLAT OBJECTS

The method described was adequate for curved and
conical objects and approximates a representative strength
in the theoretical zones of plastic failure in the sediment.
An alternative and more refined method of selecting A and c,
would have been to use the differences in the cross sectional
area from section to section and apply the value of c at the
depth of each section. This increased the complexity of the
iteration procedure, hence was attempted only when there
were discontinuities in the penetrating object's shape such
as might occur with a truncated cone.
The distance of each iteration was chosen only to
conserve computer time and approximate the expected accuracy
of the field tests. Larger and smaller iteration intervals
were, tested for effects on the fina] depth and as long as
the interval was less than one-half of the distance between
shear strength measurements, convergence was always apparent.
With a linear shear strength profile, the interval is limited
only by the desired accuracy of the solution.
The equations for added mass are given in Table II,
A flow chart of the basic program is given in Figure 5.
Appendix A presents a set of curves which qualitatively
illustrate the relative influence of each force in the pene-
tration equation. They were obtained by using the sediment
shear strength profile typical of the world's deep-ocean
basins as determined by Hoag [1970] and shown in Figure 13.
54

o JC 1—4 bO
w 4-J CO cfl CU 1 Cp CO E CU jZ •rl -rlP bO o a) c 5-i 5-i 4-J G > 00
< 60 C 4J B o O CO •r-4 O d
c •r-l CO -i-4 ti M t c. E E •r-l
o •H > r-4 CO CO C C 4-J >2 > o CO C bO CO •rl •r-4 T3 E oH o E 3 cy <u C > t> C 5-i EH B crx £ •r-4 rC O cO OP TJ CU 4-J >r-t > 4-J E CU M-4 T3
P-4 TJ •H •X) o •.-1 4-J 6 •r-4
a •r-4 O CO X E £ CU CO 3 d *"*\ oo O CO ry 4-i E 5-J r-4 E O r-4 CO
o i-i ex S-i "i-l d r^ ^ CO D- •rl -H m ex <^s
0) w •rl co [2 E w CO 3 X 4-J •r-i m
e^ JC •r-l r-l •r-l •H •r-l cr t—
1
CO O r-4 cr.
O CO ex X r-l TJ E d T3 'a CO cO C CU II r-l O
pen CO co CO a) (U J-i tH o CO CU •
<C 4-J O E 5-i 5-i cO •H M-4 ^
w S CU 5-4 cu O M-( CO CO 4-J O CU Vw
'
CU II
Cm 4-J CO 4-J GJ -O r-4 1—1 M-4 a. x. 4-J
< ctj r-4 CO •i-i d e 3 2 O CU •H O 4-1 CU CO ^
w r-4 o r-4 O O CO o u c 1-4 •r-4 d i—! ^
CO X CX O U T-I Sm 5-i CO co r-4 4-1 M-I CO o
o u CX 4-1 E •H •r-4 CU i—i CU CO O 1—
1
5-i CO
JS CO CX o 3 O CJ >-i O- 54 ex P. -rl
o d ,|j x: cu E CO ti CO X
r-4 TO •r-4 CO 4-J CO T-I CO CO CO CO T3 d CO CO co
H •r4 X CU CU 4-1 d o 4-1
,2-1
<« O mm ? flj C3 •4-1 c M-I X 'r-l M-4 CO -r-4 •r-l M-4 60
o 4-J o X E O CO O 4-J o CO o dH 0) 4-J r-4 o cj d o oX M-4 r-l MM 'a m-i MM ex M-I O 4-1 M-4 CU CU 4-J M-4 r-l
o 1-4 <y r-4 •r-l M-f O r-4 i—4 4-J i— t-< E r-4
Pi CO t—i CO co O co co CO r-l CO CO -i-l r-4 CO CO
ex re r-l X 'O rG 4-J X r-l CO X 13 CO rC 4-1
PX CO rj co -r-l H CO E cu E •i-l
<; 0) u <u O QJ 4_> CU CU ri 54 CU 6 E 5-1 CU




a H piMOO r-- (-- r- r-- r~~- r^-
e< < H • • • •











° 3M K en v£> en r-l O en







r-l 1 i—i 1
S3 5-4 r-l u d r-4 S-i
o <U b0 CU CU bO CU CU
m a Tj CrlT) T5 CU ti . 1 T3 ro
c CO r-l 0! d S-i cO i—i CU d
o o •r-4 4-J CO CX •r-4 CO 4-J CO ex •r-lW P^ r-l O 5m -rl r-4 d CJ 5-4 •r-l r-4
CO >t CU CO CX !>-i cr CU CO ex >^,
o pi Cm <U O CO Pi P-I CU o
5-i
r~4 CO
CO i r-4 1H 4-1 5-1 5-4 d r-l
o d OJ CU bO euH QJ O -a -U TJ d r-4 XI
ro U N C C C CO i—i CU
cm <u •i-l -H H W CU 4-J CO ex CU
o -C 5-4 r-l r-4 1 £> a 5-4 •r-l d
ex O >^ >^ c 3 CU CO ex o






















































normal to its plane





fObT /TTi I . ,
Jo \At? sm^ + cos'6) dO
°/b 1.0 2.0 5.0 10
k 4 63? 041 019 0098
Tab I. FORMULAS FOR CALCULATING ADDED MASS
1Hoerner , S. P. , Fluid Dynamic Drag, Practical Information on
Aerodynamic Drag and Hydrodynarnic Resistance
,
Chap. II, Pub-
lished by the author, Midland Park, New Jersey, 1958.
>
'Terzaghi, Karl and Peck, Ralph B. , Soil Mechanics in Engineer-
i ng Practice
, p. 17 2, John Wiley and Sons, 1948.
Meyerhof, G. G. , "The Ultimate Bearing Capacity of Wedge
Shaped Foundations", Proceedings, 5th International Confer-
ence Soil Mechanics and Foundation Engineering , v. 2, p. 106,
Paris, 1961.
Saunders, Harold E. , Hydrodynamics in Ship Design, v. II,




Set constants for object, weight
dimensions, coefficients, sediment
density, section interval
Calculate section properties for
entire object
1. Average projected area
2. Volume
Calculate added mass for each section
and change inaadded mass
Calculate work done by buoyancy
Read: 1. Impact velocities
2. Sediment shear strengths
Calculate: 1. Original energy
2. Potential energy
Calculate shear strength profiles
(linear variation between points)
Calculate work done by sediment
Calculate velocity, neglecting work
done by drag
Calculate work done by drag
Recalculate velocity using average
velocity and drag
Figure 5. OUTLINE OF COMPUTER PROGRAM
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C. MODIFICATION OF THE METHOD FOR USE AT SEA
The method was ultimately developed for general use at
sea with as few restrictions as possible placed on size and
shape of the object and on the type of sediment. However
the only data available to test and verify the method was
for an air-to-simulated deep-sea sediment case.
There are three relatively simple alterations that should
be made to the computer program before it can be used in a
water-to-sediment case. The three alterations should act to
increase penetration depths at higher velocities and their
overall effect is to increase the importance of an accurate
determination of the shear strength profile.
First, the added mass effects will change by the ratio of
the density of sea water to the density of the sediment. This
can easily be accomplished by dropping the unit value of sea
water from the bulk wet density term in the programs.
Additionally, the added mass of the object free-falling
through the water must be added to the total kinetic energy
of the object at impact and a method for calculating the
effect of this entrained water mass taken into account.
Second, the buoyancy term will also change by the ratio
of the density of the sea water to the density of the
sediment.
Third, the drag term will change by the ratio of sea
water density to sediment density. Also a drag term must be
included for the part of the body that projects above the
sea-sedirnent interface. The easiest way to accomplish this

would be to include a drag term for the whole object and add
a drag term for the portion of the object submerged in the
sediment.
The three modifications will serve to reduce the influence
of added mass, buoyancy and drag and cause the sediment
static strength term to become even more dominant than in
the air-to-sediment case. Keller [1964], used the standard
bearing capacity equation, only, to predict the initial
settlement depths of a rectangle, square, and cylinder into
soft bay sediments. The results were poor and he concluded
that problems with determining an accurate strength of the
sediment were the reason his calculations always underesti-
mated the settlement depth.
To correctly use the method at sen, several cores should
be taken and their physical and mechanical properties averaged
Averaging should reduce errors caused by sampling and testing
disturbances. The effect of sensitivity, as it applies to
the shear strength used in computing penetration depth, is
uncertain. Possibly the remolded shear strength is a better
value if it is assumed that impact shock effectively remolds
the sediment to an unknown extent. In sensitive sediment, a
range of predicted penetration depths should be calculated
according to the degree of sensitivity.
The orientation that the object has as it first starts to
penetrate has a significant effect on total penetration.
After free-fall in several thousand feet of water, the
object may still be tumbling or oscillating if it is unstable.
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Schmid [1966] found that a significant portion of a falling
body' s energy may be in its angular momentum which is not
included in this method.
For these reasons when predicting penetration depths, a
computer routine should be used to solve for a range of impact
velocities, shear strength profiles, and object orientations.
The calculations can be done by manually using larger inter-
vals, as was done to check the first computer solutions, but
since energies are being equated and the method is iterative,




IV. RESULTS OF EXPERIMENTS
A. THE PROBLEM OF MODELING IN SOILS
Some problems with testing and modeling the dynamic
behavior of soils are discussed before reviewing the data
available to test the penetration prediction method and the
results of the tests.
The field of soil mechanics has traditionally been con-
cerned with large scale construction operations. Many of
the methods used to calculate the stability of slopes and
foundation designs are based on ultimate collapse criteria
and much of what has been learned about soil behavior was
derived from studies of catastrophic large scale failures.
Big construction projects are seldom undertaken without
expensive, full-scale, field tests of critical portions of
the foundations, and modern buildings are carefully instru-
mented to monitor their settlement and reaction to seismic
disturbances. A good indication of the state-of-the-art of
soil mechanics is implied in the large safety factors
recommended in texts and building codes. The lack of under-
standing is, in large measure, due to the inability to
parameterize and model a substance as complex as a soil.
When the problem is narrowed to the field of saturated
deep-sea sediments, the problems of modeling are somewhat
reduced. A modeling approach to investigate the dynamic
response of soils to impulsive loads was conducted by Westine
[1966] who found that a satisfactory case could be made for
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a model with saturated clays, but granular materials with
angles of internal friction were impossible to simulate,
since dilation and pore water pressures were hard to model.
Frolich [19G7] attempted to model the dynamic behavior of
submarine sediments, but unfortunately he passed away before
publishing his final results.
There are several areas where modeling dynamic pene-
tration phenomena in deep-sea sediments may prove to be
impossible.
Under dynamic loads a saturated deep-sea sediment may
behave as a bingham body. The inertial resistance of the
sediment to deformation coupled with the threshhold stress,
or static resistance of the sediment, may be very hard to
separate if the mass and therefore, inertia, of the pene-
trating body is small or on the same order of magnitude as
the static resistance and inertial resistance of the soil.
An analogous problem, but simpler by one factor, is unsteady
fluid flow at low Reynolds numbers where inertial and viscous
forces are the same order of magnitude. In the dynamic
testing of soils this problem can be circumvented by full-
scale tests using objects with large masses.
A similar problem involves surface effects and the
adhesion of deep-sea sediments to an object. The effects
of adhesion have been shown to be influenced by polymer
coatings, surface roughness, surface chemical composition,
etcetera, by Erchul [1969] and other investigators studying
pile driving on land. Surface effects may control penetration
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significantly if the object has a large surface area in
relation to its total mass. A means of minimizing adhesion
effects would be full scale tests with large masses.
If a study's purpose is to learn more about adhesion, or
mass effects, then modeling may be the best approach. However
extrapolation of modeled test results to objects larger by an
order of magnitude may be invalid.
Finally, when attempting to model a sediment composed of
clay particles which are very small, to reduce them further
by an attempt at modeling the interparticle attractive forces
and pore water viscous effects, may be impossible. Also, the
instruments available to measure the modeled sediment strength
may not have the required accuracy or precision for a reduced
scale.
B. DATA AVAILABLE
The Naval Ordnance Test Station, Pasadena, California,
constructed a large pit from sheet piling, 37.5 feel in
diameter, and filled it to a depth of 16 feet with a very
weak sediment from Seal Beach Lagoon, California. The pit
was used to conduct tests on the holding strength of anchors,
breakout forces of objects imbedded in the mud, and experi-
ments with dynamic penetration. The penetration experiments
were carried out under the direction of Dr. R. J. Smith in
September, 1965. The penetration experiments are described
below.
1 . Description of Objects and Tests
Figures 6 through 11 show the six different objects
that were dropped into the test pit. All six were fabricated
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The sphere was made of a
heavy steel plate and
weighed 561 pounds in air.
A padeye provided an attach-
ment point for lifting.
Figure 6. SPHERE
The horizontal cylinder was made from a 55 gallon
oil drum. It weighed 540 pounds in air. It was
lifted by a two pennant bridle with one pennant
welded at each lip.
Figure 7. HORIZONTAL CYLINDER
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The cylinder-on-end was also
made from a 55 gallon oil
drum. For the first tests
it weighed 540 pounds in air.
Later a flat, round plate
was welded over the lip of
the drum at the end that
penetrated , making it smooth
to reduce the amount of air
that might, have been trapped
there. The plate increased
the weight to 561 pounds in
air. The drum was lifted by
a three pennant bridle attached
to its upper end.
Figure 8. CYLINDER-ON-F.ND
The cube was fabricated from
steel plate and weighed 7 02
pounds in air. It was lifted
by a four pennant bridle to










1,014 pounds in air.
It was constructed of
steel plate and lifted
witn a four pennant
bridle to four corners
of a large side.
Figure 10. RECTANGULAR PARALLELEPIPED
The cone was fabricated of
steel plate and weighed
1,127 pounds in air. It
was lifted by a three
part pennant to the flat





with a steel shell for structural rigidity and the cavity of
the shell was completely filled with fresh water for weight.
The weight could be changed if desired, however for pene-
tration tests they were pressed full at all times. Dimensions
of the objects are shown in inches.
The objects were suspended by a crane over preselected
stations in the mud pit. They were released by a quick
release hook that was tripped manually by pulling a line from
the side of the pit. The objects were released at different
heights above the mud-air interface to allow them to reach
velocities of 5 , 10, 15, and 20 feet per second as the
object's lowest portion contacted the sediment-air interface.
The zero velocity test was considered to be a zero release
height, and the object was released with its lowest portion
just in contact with the: sediment-air interface.
Slow motion pictures, 32 frames per second, of almost
all the penetrations were available. They were carefully
studied in a frame-by- frame projector to double check the
rough data sheets for height of drop and penetration depth.
The movies also gave an indication of the stability of the
object as it penetrated. Remarks about each penetration are-
given in Table X. Times for penetration and times for
rebound were estimated by counting the frames of the movie
film for each event. The movies confirmed the observations
of Chuang [1970] that air trapped below a body impacting on
a fluid does not alter the penetration depth. Any air that
was trapped below the body usually vented by bubbling up
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alongside the object after it had come to rest. Only in
one or two cases was it observed to form a jet with a
significant amount of entrained mud.
The penetration depth was determined by visual
observation of marks painted on the objects which were scales
divided into one quarter inch increments. The depth refer-
ence was the undisturbed surface of the pit. Depth obser-
vations were made at each corner of the rectangular objects
and at a diameter of the axisymmetrical objects. The pene-
tration depth was considered to be the numerical mean of the
several measurements. Any exceptions to this method and
angles of tilt at the object's final rest position are noted
in the remarks column of Table X. The exceptions occurred
when the cylinders-on-end tipped completely over after coming
to rest. The penetration before tipping was used if it
could be read from the movies with an accuracy of one half
inch.
2 . Description of the Sediment
There was a real problem finding a suitable material
to simulate a true deep-sea sediment, compounded by the 700
cubic yards of material required to fill the test pit. The
material selected was lagoonal mud, described as "unconsoli-
dated grey sediment w'ith medium sand sized mica flakes", from
the tidal flats of Seal Beach Lagoon. Tables III through V
contain detailed analysis of its mechanical properties, and
mineralogical and chemical analyses of the lagoonal mud from
samples taken from the borrow pit. 7v year after the pene-
tration tests were completed, Muga [1966], while measuring
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Bulk Wet Density (gm/cc)














Note : Samples were obtained with a two and one-half inch core liner from
the site where the sediment originated.
0-3 4-7





















5 Samples collected by R. J. Smith and analyzed at the
Naval Civil Engineering Laboratory in Port Hueneme.
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TABLE IV. MINERALOGICAL ANALYSIS OF THE TEST PIT SEDIMENT6












Total = 39.45 percent
Kaolinite 16.31
Mixed Layer 29.27
Total = 35.58 percent




Total = 14.77 percent
Note : The mixed layer was composed of 67 percent montmorillonite and 33
percent chlorite. The muscovite was chiefly terrigenous (clastic) and occurred
in coarse silt-sized grains. The analyses were made by a combination of x-ray
diffraction, chemical, and petrographic meihods. Infrared absorption analyses
and differential thermal analyses were used to obtain supplemental data. The
values shown are recomputed to 100 percent and are reliable to about +15
percent.
Whelan, J. A. , A Report on Mineralogy of Ocean Bottom
Sediments
, p. 10 unpublished report to the Naval Civil
Engineering Laboratory, September, 1967.
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TABLE VI. RANGE OF VARIATION OF TEST PIT SEDIMENT8
"The main feature of the soil is its highly variable properties, being
both nonhomogeneous and nonisotrophic. Some of the variations are indicated
below.
RANGE OF VARIATION (42 TESTS)
Vane Shear Strength (psi)
Remolded Strength (psi)





















"In addition, soil samples v/ere subjected to numerous triaxial, permeability
and viscosity tests. From these tests it was determined that; (i) the yield
strength of the 'soil' is approximately 0.5 psi; (ii) permeability is practically
nil; (iii) cohesion, c, is almost zero; (iv) angle of internal friction is almost
zero and (v) viscosity is independent of the rates of shear or deformation
(i.e., rpm)."
QMuga , J. .Breakout Force s, p. 4, U. S „ Naval Civil
Engineering Laboratory Technical Note N--863 , Port
Hueneme , September, 1966.
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break out forces in the test pit, conducted more tests to
verify the mechanical properties of the sediment. Table
VI is a summary of Muga's tests. It is obvious that the
lagoonal mud was not uniform but characterized by variability,
but a major cause of the variability was undoubtedly the
result of sampling disturbances and continual reworking.
Muga also stated that the mean viscosity was 300 square feet
per second. This value represented a series of measurements
taken with a commercial rotating-type viscometer. He did not
attempt to correlate the viscosity with the vane shear
strength because of the "marked variability in the soil
properties". Since the sediment contained approximately
40 percent silt to sand sizes, there was certainly some
angle of internal friction caused by these large sizes and
this was probably the reason Muga found a high viscosity
measurement. It also appeared that there were more coarse
grain sizes present a year after penetration tests were con-
ducted which indicated possible contamination with other
material. For this reason Muga's values were not taken as
absolutely correct, but they were included to illustrate
the variability of the sediment used for the tests.
Figure 12 shows the mean shear strength profile of
the sediment from 550 measurements. Although the mean
strength profile is not representative of the average shear
strength profile for the world's deep-ocean basins shown
with a solid line, Figure 12, from Hoag [1970] , i.t is

























one standard deviation from mean
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Figure 12. TEST PiT MEAN SHEAR STRENGTHS

of the Zigsbee Abyssal Plain as shown by Bryant and others
[1967] .
The numbering system designating the location, or
station, where each penetration test was conducted is shown
in Figure 13. The shear strengths at each station were taken
using a two inch by five inch vane. The vane was operated by
hand from a punt floating on the surface. It was driven into
the sediment in six inch increments and torque applied by
hand with a standard torque wrench and the maximum torque,
converted to shear strength, recorded. Not all of the vane
tests were conducted in the presence of an engineer and some
were done by different personnel. Generally the shear
strength profiles are consistently similar, with some erratic
points, but there is sorae correlation between very erratic
profiles and the date of tests, which indicated operator
skill and care may have had an influence. The method of
obtaining shear strength values greatly influences the value
obtained according to Terzaghi [1960] and it was difficult to
get consistent readings from an unstable punt with no control
on the vane's rotational speed.
Other methods of determining shear strength profiles
in the mud pit were considered, but rejected for the follow-
ing reasons. In 1965, the existing penetrometer probes
related resistance encountered to shear strength by empirical
tables or graphs, and the very low strength of the mud pit
was out of the empirical range. The use of these devices
would have required modifications of the instruments and

I STA I
NOTE: Small circle indicates the location of
sub- lettered shear strength data points
around a main station.
Figure 13. LOCATION OF DROP STATIONS IN THE TEST PIT
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extensive testing to obtain empirical relationships. Second,
the sediment in the mud pit probably had some slight but
unknown angle of internal friction and the vane test mea-
sures a cohesive shear strength which is influenced by the
angle of internal friction in a minor way. However, the
vane test seemed the most practical test for shear strengths
in cores and in-situ testing. Therefore, vane shear strengths
were used exclusively to keep the results comparable to a real
situation.
The horizontal variability of the observed shear
strengths at six inch depths is shown in a plan view of the
mud pit, Figure 14. The measurements taken on different
dates in the same location also show a spread in values.
The variability of the shear strength in the mud pit.
was probably not random for the following reasons.
1. The huge volume of material required to fill the
pit necessitated handling by large construction equipment
which could have scooped up isolated chunks of material and
allowed them to be placed in the pit essentially undisturbed,
while most of the sediment was greatly disturbed during
excavation, hauling and placement. The very high shear
strengths have been attributed to the relatively small vane
coming in contact with one of these hard chunks. The chunk
would not necessarily affect penetration depth unless an
object was dropped very close to one because the sediment
was incompressible and moved as a unit. Most of the objects
were large compared to the chunks or vertical distance
between anomalously high observed shear strengths.
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NOTE: More than one value indicates measurements
were taken on different dates.
Figure 14. SHEAR STRENGTHS AT SIX-INCH DEPTHS PLOTTED
ON A PLAN VIEW OF THE TEST PIT (psi)
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2. Although it was not noted in the analysis of
the sediment, some organic material or foreign objects may
have been present since no special precautions were taken
to sieve the sediment while it was being placed.
3. The extremely low values of observed shear
strength may be attributed to the method of handling the
sediment after a penetration trial. The holes made by the
objects and other experiments with the sediment were smoothed
over, filling depressions with a shovel and rake. Then shear
strengths were taken at each station and penetration drops
conducted at a later time. After all the stations had been
used, the procedure was repeated. Since other tests were
being conducted concurrently, the hole filling and smoothing
was a continuous operation. Undoubtedly some very soft
material and water accumulated at the bottoms of the holes
and this accounts for the anomalously low shear strengths at
considerable distances below the surface.
The low sensitivity of the sediment before sampling
and the continual reworking it underwent while tests were in
progress, led to the conclusion that the sediment used for
the tests had a sensitivity of one and that the observed
in-situ shear strength of the sediment was a good repre-
sentation of its actual in-situ strength, if the problems of
test operator error and the anomalous points due to hard
chunks or soft spots could be resolved.
Fortunately, enough data, 71.6 points, existed to make
a statistical analysis and a mean strength profile of the
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mud pit. Table VII includes a matrix of all the observed
shear strengths. The anomalously high and low values were
identified by eye. Since the profile should have been
fairly smooth with all the reworking the sediment underwent
during placement and tests, the hard and soft spots were
easily selected by visual inspection. The values considered
anomalous are underlined in Table VII.
The mean and standard deviation of shear strengths as
a function of depth, both with and without the anomalous
values, are listed in Table VIII. It should be noted that
the anomalous values often cause the standard deviation to
more than double. The mean shear strength profile of the
mud pit and one standard deviation calculated without the
anomalous points are shown in Figure 12.
At each station the anomalous points were adjusted to
fit a smooth profile that generally was within one standard
deviation of the mean. The adjustment process was again
subjective, as the precision of the original data did not
warrant a more sophisticated approach. The observed shear
strengths for each station were plotted with the mean pro-
file. Then the anomalous points were moved to fit a general
smooth trend of points within one standard deviation from the
mean. The figures in Appendix B illustrate the adjustment at
each station and the solid line is the actual shear strength
profile used by the computer solution to predict penetration
depth.
The shear strength and standard deviation value at































in rH r^- rH cn -3 o r-~ r-~






























r^- O O ^OO r-- t—i (^ r-lOO CM-d" CM o>









m vD t-^ G-n cn r-l CT>
i-H CM r— v£> in oo r^ <r cr> m
m in CM r—
1














en cn i—i m iH m m 1^ r^-
^o in Cn i-^- CM o> o m 00
i—i vO ,—
1



























r-l o ^o *0 o <t




















00 CO <t N
m O CM r-l <t oo
CM
CO —i r-.O m oo co CM
i—l
f^ CM CM r-l CM i—l i—l i—i CM —1
















iO O H N N N W
o r-i <f oo oo cn in
m cm <r r-i i—i oo ctn

































cn cn <l cn r~-
CT\
I ^o








co cm cn co
^o m r-^ rH
r-< rH CM
cm r-» vo ct> oo <t"
<) CTv CM CM vO r-
erf
w cn m —
i
^D CM CMO CM i—
i








o QN O o O O O O >rfH




rH <fr on <—< in <t" cn vC m r~-~ _




r-> CM ON '-I (^ Or ^o cn cn














rH rH CM rH r-l rH CM
81

5 vD O CM o OO —I
CM Os r^ oo r-» 30 CM
r«»
CM m cm in ,—
1
m
- O OS o H o CM
nD r- nO st CM CTi nO
vO




O O in <j\ CMO NO r^- en r*» r- en
NO
CM en m CM i—l r-l
_
nD v£> CM O m O
<f cn vD m r->. o> xO
in
en CM <f <f —I 1—1
_
<f nO 1/1 T—
1





O O 00 esl m
3 <T CM <t CJN. en .—1 o o 00 r-~- t—i en CTn <r nD vO m cm oo en
CM v£> <t" t— CM r-H en CM CM en <|- en CM CM CM CM CM Cn] CM
-
<f o\ m os no on m m OO in m en NO CM i— <}- OC m en m
CM LO O ai r-~. m CO m CT> r^ kC os 0> 00 m r^- -d- r^- CTi CI >£>
<f • • • • • • • •
m CM CM CM CM t—
i
vO CM en r—
1
m <]- <} —
i
CM m <t en CM
_
<f r-. <f O en o <f r^- CM r~- r~- en o o CO <r cm cm m C7\
vO <t- O r-- US m H r^ O 1—1 on O -J r- en r-- r-~ oo oa en C7~.





CM i-4 m CM m CM en NO en CM r-l i—i CM en os
00
nO
H vD O W
cn <r <f en
—i i^. in <j
en m o- o
—4 i-H vD i—l
cm cm cn OO
r; <t m CTn CM en CM eo en o- ON --t O <f no
o <r o en en CM Os 00 oo 1
—
os r~v o r-^ m
en • • • • • • • • • t • • • •
X i-H CM r-l CM i—i nO i-i Cn] 1—1 CM i—i CM r-l r-lH
PMW
a - <r t—
1
CM vD r^~ oo r~~ nO CM OO o NO CT> 00
<j- <»
—I CM CM co nD 0> nD in nD r^ m vO r^




<t r-l CM CTsO r^ r-~ cm
i—I vO h mO O nO r-~
<f r~- i—i on, in i—
i
o en r-~- nd en en
t—i cm co o\ en m
r-~ o no no en en
o> m as co co nD
cn en os en r~- cm
m o en m njd o





0> CO CM CO
Os <j- r-l en
OO O r-I OS
nd m i^- vO
m o o i—i os cm
en en -4- in. cm cni
1—I vO CT-i vO nD nO







































u o ^ OMO





2; O O O OM • • • •
_? Ln o in o
>-l l—l r-| CM
0000
w • • • •
f£l 1A O ^ O
;_0 .-I r-l CM
o
nJ n h n o> co






o m o m m oH H H N
en en
CM eS X) U r-i
OOOOOW
























r-iNN n <r co m|<r <r CO m n <r n
<t oo o o o
os is so ro so
O O O o O m oO r^ m OS OS CM CT\

































i—I f—IrO CO CM CO m <f CO m CM CO CM CM
r-i cm in m
CO rH^Q <f




sO ^d m o ^n
m co co <f
r-i cm co m







co <t <f <t
cm so m ro
rH CMOO so 1
—
cm is DO CM vO CM CM CM CO







O •—1 is sO
vo o on. is










<f ix H CMrH o|<f is O|s Cl H vO
H (M\D 00 CO <t CM rH rH S* m|cM cm rH
ctv m oN rHro oo
in WCOO N4 \o vo n is cmO CO inCO CN ONro m
r-i cn^o m CO CM rH r—1 r—l CM sQ m cm ro
as co o
<t O ""> oois mis (^ sl' iO OrH rH CM rO
os o o <t
CO sD CO ON
rs
ON





CO CM CM CO
CO UO O s"
ro in c\i rM
<f CM sD OO CO rH CM 00
co rH ro !CM CM rH rH .H CM rs •!
rs in m m in
CM VO Is rH CO
o o
CM ON
o m o m
OS rH \£> |S
CO CM rH
OO o o o o
rH is OS Csl CM
m m
CO ON
o oO s" o o m oCO CO Is ON CO o










o m m o





















co o m in o "~> o o ll~> m m o "">m<d-ocoC3rHooocMocMco
i—I rH rHCMCMrHrHrH




















ON CM rH sO N ffi O r-1 is rO vO CO is rH
<)" CO CO sD CslsDCM<]-rHC0lsO000N
ro co in in in in m m




<}- is m m os
m vo -h ro rH
<r m
CM r-l
CO CO CO rH <)•
<|- co is o m
cm iri o m in o o Ln o in m Ln o mCMlsvOsfONNH IsoOOO<J"Is z
sO
oomcMis inromoooo>x)cosDcrv

















U ro CO JO CJ CO CO JO
CM OS rH co -* <f UJ





Z <O WU r^
o o o o cdU . r H
?: 'n o m o K




TABLE VIII. MEAN SHEAR STRENGTHS AND STANDARD DEVIATIONS OF
TEST PIT.
DEPTH MEAN SHEAR STRENGTHS ONE STANDARD DEVIATION





























































72" 2.52 3.04,_ .87 1.49
(24) (34)
Note : The first columns under the shear strengths and standard deviations are
values computed with the anomalous points discarded. The second columns are
values computed with all the data points. The subscripts in parenthesis are the
number of data points.
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water was continually added to the test pit to offset
evaporation losses and the top of the pit was continually
being reworked by raking. In general, a virgin undisturbed
sediment should have a finite strength at the surface.
C. RESULTS
Table IX summarizes the observed penetration depths, the
predicted depths, and tabulates the difference between ob-
served and predicted. A numerical analysis of the differences
between observed and predicted depths was not made because,
with few exceptions, the method developed accurately pre-
dicted the penetration depth within the experimental uncer-
tainties of depth measurement and shear strength accuracy.
The method overestimated penetration 17 times and under-
estimated penetration 22 times. The largest differences were
underestimates of penetration. In all cases of differences
greater than four inches, the prediction had to rely on an
adjusted shear strength. This indicated a problem with
measuring the shear strength at that station and implied the
presence of a soft pocket in the sediment. The large dis-
crepancies also occurred with impact velocities of five feet
per second.
Table X sets forth the penetration data along with notes
taken from movies of the tests. The time-to-penetrate was
observed by counting the frames of the movie film from object
impact until all downward motion had ceased. The rebound
time was also observed by counting movie frames. The rebound
distance was estimated from the pictures and is believed
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SPHERE (wt. = 561 lbs)
0.0 9.5" 10.7" + 1.2"
5.0 13.5" 12.1" - 1.3"
10.0 14.0" 14.0" 0.0"
15.0 24.2" 24.5" + 0.3"
20.0 20.0" 20.5" + 0.5"
5.0 16.0" 11.5" -4.5"
10.0 16.0" 12.1" - 3.9"
15.0 19.0" 23.0" + 4.0"
20.0 19.5" 20.4" + 0.9"
HORIZONTAL CYLINDER (wt. = 540 1 bs)
0.0 5.5" 6.0" + 0.5"
5.0 11,5" 7.5" -4.0"
10.0 13.0" 13.8" + 0.8"
15.0 17.0" 17.0" 0.0"
20.0 16.0" 15.9" - 0.1"
20.0 14.7" 14.7" 0.0"
CYLINDER ON FLAT END (wt. - 540 lbs)
5.0 14 o 0" 8.7" - 5.3"
10.0 15.5" 12.8" -2.7"
15.0 15.0" 14.2" - 0.8"
20.0 16.2"
0.0 8.0" 8.4" + 0.4"
5.0 4.2" 4.4" + 0.2"
10.0 18.0" 16.0" - 2.0"
15.0 14.0" 12.7" - 1.3"
15.0 18.0" 14.6" - 3.4"
20.0 19.0" 16.8" - 2.2"
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CYLINDER ON FLAT END (wt. = 561 lbs)
5.0 12.6"
10.0 14.0" 14.0" 0.0"
15.0 18.5" 20.4" + 1.9"
20.0 13.5" 16.1" + 2.6"
CUBE (wf. = 702 lbs)
0.0 4.5" 3.7" -0.8"
5.0 5J U 4.4" -1.3"
10.0 8.5" 9.7" + 1.2"
15.0 13.0" 12.8" -0.2"
20.0 17.0" 14.9" -2.1"
RECTANGLE (pa rallel opiped, wt. = 1014 lbs)
0.0 3.0" 3.2" + 0.2"
5.0 5.0" 7.0" + 2.0"
10.0 9.2" 9.4" + 0.2"
15.0 14.8" 14.7" -0.1"
15.0 15.5" 19.0" + 3.5"
20.0 21.6" 20.1" -1.5"
CONE (wf. = 1127 lb:i)
0.0 55.0" 50.0" -5.0"
5.0 53.5" 51.0" -2.5"
10.0 49.5" 54.0" +4.5"
15.0 65.0" 64.0" -1.0"
20.0 62.5" 59.0" -3.5"
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accurate to one inch. Penetration depth refers to the
object's final resting position and did not exclude the
rebound distance. The percent of ultimate bearing capacity
was calculated as; the ultimate bearing capacity of the
sediment at the depth the object came to rest, divided by
the actual force applied to the sediment by the object at
its final resting position. The shear strength adjusted
column indicates whether or not an anomalous shear strength
value was adjusted which directly affected the calculations
of penetration prediction.
The time-to-penetrate measurement was done in an inexact
manner, but is remarkably constant when the range of
velocities and different object shapes are considered. Its
relative constancy in relation to the other parameters may
indicate that it is related to a unique basic property of
the sediment. Schmid [1966] observed the same phenomena
when testing small penetrometers with different impact
velocities.
The rebound time and distance were very difficult to
estimate due to the short duration and fact that splatter
sometimes partially obscured the object. Some of the rebound
of the object, and apparent elastic behavior of the sediment
was originally thought to be caused by a buoyancy effect.
However the cavity formed by penetration did not collapse
until rebound was over and the object was essentially at
rest. Subjectively it appears that rebound is a function of
an elastic property of the sediment.
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The percent of ultimate bearing capacity that was reached
by the different objects seems to relate to impact velocity.
In all the penetration tests the objects were left in place
for at least 24 hours and in some cases up to eight days and
then checked to see if they had settled further into the
sediment. No further settlement was observed in any case.
At an impact velocity of five feet-per-sccond the objects
consistantly penetrated to a level where 300 percent of the
ultimate bearing capacity was available to support the object
This implies that a structure being emplaced by a free-fall
technique would only require a velocity of five feet-per-
second to generate the safety factor of three recommended in
soil mechanics in a situation where the ultimate bearing
capacity equation is used.
As observed in the movies, any air entrapped under the
object had negligible effect on either rebound or pene-
tration depth. Rounded objects such as the sphere and
horizontal cylinder did not behave differently from the flat
sided objects that did entrap some air.
Cratering and pile up of the sediment was slight. In all
cases, even with the rectangular parallelepiped impacting at
20 feet per second, the crater lip was less than 2 inches
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IV . CONCLUSIONS AND RECOMMENDATIONS
A rational, phenomenological , theory has been applied to
the problems of free-fail penetration into a simulated deep-
sea sediment. The theory correlated well with full scale
tests. A more complete solution will probably only be
available after more is understood about the mechanical
properties and dynamic behavior 'of deep-sea sediment.
A. CONCLUSIONS
The method predicts the penetration of free-falling
objects into weak, saturated sediments for an air-to-sediment
case within the accuracy of the present state-of-the-art
techniques for measuring the sediment mechanical properties.
It should work equally well in a water-to-sediment case with
some modifications.
The impact duration time, from the instant of contact
until the object comes to rest, was observed to be rela-
tively constant and may be a unique property of the dynamic
behavior of a sediment type. The duration time was rela-
tively constant even though the penetration distance changed,
the object shapes were different, and the kinetic energy of
the falling objects ranged from to 5,000 foot-pounds.
The method may be used with larger, heavier objects but
caution must be used in extending the method for use with
smaller objects since viscous drag and surface adhesion
effects may be important for smaller masses.
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At high impact velocities the effects of added mass and
form drag cannot be neglected in computing penetration depth.
The accuracy of the constants and variables in the standard
bearing capacity equation have the most control over pre-
dicted penetration depths.
B. RECOMMENDATIONS
The method should be experimentally verified by full
scale tests at sea or by controlled tests in a large tank
ashore using a uniform sediment whose mechanical properties
are known. Experiments of the scale needed would require a
major effort but could include investigations into other
unknown areas such as the free-fall attitude and stability
of various shapes in water , the verification of terminal
velocities of free-falling unstabilizcd objects in a water
column and the study of breakout forces and salvage methods
required to retrieve the objects.
Whenever an object is recovered from the deep-ocean floor
every effort should be made to obtain photographs of the
object. The sediment around the object should be extensively
sampled and completely analyzed to allow verification of this




FORCES ON OBJECTS PENETRATING A TYPICAL SEDIMENT
Appendix A includes a set of curves which qualitatively
illustrate the relative influence of each force in the
penetration equation. They were obtained by using the
sediment shear strength profile typical of the world's
deep-ocean basins as determined by Hoag [1970] and shown
in Figure 13. The curves are normalized for depth of pene-
tration on the abcissa and the maximum force encountered on
the ordinate. Time is independent of the calculations and
the shape of the curve near the origin is largely a function
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SHEAR STRENGTH PROFILES OF THE TEST PIT
The shear strength profiles at each drop station are
illustrated together with the adjusted profile used in the
penetration prediction computation. The profiles are in the
















u cW -w o


















































> +jo J- to












































































































































































































4J C O X
w •r-l o
Qi o --1











































































*-> c O Xw •H O















































<H >,S 4_> cO -H ON u r-l O) cM 4-J 00 ro





























w •H O O *
cd U -r-4
w O -U





















































^ 4-J CO -H o aN U-rl cu cM O -u L0 ro
eJ h ({ 3 QJO QJ 4-1 E




































S 4J CO -H oN O.HM O 4-J






































































r-J o > +->
>-l .
S- co
c_> m CD 3
—I \£> CO •<-)
3 ^ -Q "OO 03
3 -U C O KO T-l ON U
-HM O J-J












































































-O T3H CU CU
hJ o > +->
>* • S- L0U O CU r3
CN OJ (/) *P-J
1-3, l—l
-O T3< O raH >,
?' 4-1 c O XO -H o
ro u •r-lM O 4J











































Kl >^W J-> CQ •H o •a





























o CN co -' o o cn co rr
















w J-l c o XQ •rl
























*r O >o CN CO




















o •O CN CO "•









w 4J dQ •--I o












B3 >,W 4-> dQ H O
?3 U -HM O 4-J
• tJ .—I co
































































QS OW •O2 r-1 v£>
O —I












































P5 tn vTO r~
1
c£ >^
w 4J nQ •r-l o











































































































1+-1 a "OQ a) CD
^S > -l->W • s_ to
m GJ rs





w •w C O X
•H O2 (J -r-l
1














































































































CO *t O o c>e 03 <$-













w 4-J cQ •l-l o











































































•O 00 «5- O -: 00 T













































o — ll *
<i CN CO -. o O CN CO c





































-o -aQ QJ CD2 o > +>W • i~ 00
o c; 3
^ CM LO in ••—>
o ro J3 "OO ro
Pi >,
w 4-1 C O XQ •H o
!3 U •r-lM O 4-1
J <—> rt




































































4-1 c O X
•H o


















































o 4J C os H o <D C
<J (J H lo n3H O •u r3 aj
C_> r—
1




























































































































> *->o S- co
• CU 3







o U d O X
!3 r-l o































^ H o o
< U •w QJ CH o u i/i raO i-H CO ^ a>


























rH r-~ (/) *r-)
r—
1
-O "Ow O ra
l-l >->
o JJ c O X
(tfd •>-< o






























































.-1 £*> +JO j-j r; oo
;-: •^ 6 c:









































































O QJ 4-1U > CO
./)
o CO %• o o CN ao ^ O o CN
















































































































































00 •: O o CN CO "t o o



















































































U .Hw O 4Ja >—

































































































































t 1 t t\
:) o cm x








































































































































o CO o o CN 00 TT o •o CN
"0 rn <s- * m •o •o t»-












































i K X1 1 f
CM CD CD CM
1 <r> CD •n- o








































































































































































































I.-J o 4JS r—
I
cO
























































CO <«|- O nO cs co --.- O >o CN












H l~ O. < *-•
53 o >-H UJ
LU of or z
oo o <r oy 00 t-l
W o K CO LL t~
r K < x o <_)
g
ft
h- 00 LUC h- LU 00












h- z ^»» z:
K O 00 <c o o »—
i
o <_• LL! <M« o ^^
hi Ul Q ^-< oo H ^-» Di
En X UJ o Q <T : - uu •—
£






£ o _J a o z: 1- r> o
ft t~ h- Ol
*">" w j
—










H-< ZT LJ h- OO \~ z u w.
u y Q (-- *—
*
t~<
t <c- O z LU LU
h-v. —
«
o *•*-< o z: o UJ z LU V) X CO -7-
O00 o LL LJ h- •—I < 1—
<
(./"j 1—* > s UJ IS o




u "3Z: 00 UJ LU •~ OO o h- 1— ~i o a: > L'J f~CDQ 00 cr: 00 LU z z LU < z > UJ a LJ o o
X
H
DO IL 00 LU O •— o o 00 LU < O'J LL z: o: LU
UJ O < > o: o o —
I
h- SI CC < UJ (./)
zoo k- a c z (- O O t~i (S LL o >
g <t^ > LL. >" o > K LU o K o < o 00 Ui
H oo 1— or 00 K ~t h- or ~3 LU O LL a< D X) o
ft LLC5 UJ t—< 3 00 <t t~i h- 1—
1
H 00 CD 00 Ul o X O en oo a:




Z CL s: cr: -.' LU <r ry S > CO z: o > >- >- >:.
zw OO LU 00 < <: O- oo c_ LU D LL CQ C) • o z en CO en CO
Cv. O 00 OO < <r O- ^J a i—
i
LU X>
H*l/) \~ <J 00 z o o UL o O LU LL h- Of LU LU UJ ooHO "2 1- 5: <J t—
H
LU o IJL > > z: D < h z z z
<2Z UJ UJ IT! 1- o o o K o a. i/) D c o o
&:x s: _£. f- LU O Z LU z IL ^—
<
a t-- LU o-i o Q Q y~
h-O UJ u o o LU 1—
1
SI 1— X o u _L _j cr: D
IJJO- or ^ LU LU z: ~5 OL 5 ex' H a ^ o LU < 1—1 5/ ^ ^: ^
z*v o -J -? o < o <r _j < Cl s^ ^j c/ -< u LU O (X cc: DC CC
UJh- z: 3 CD o I a: LU o LU LU =) LU O LU o X < Cj c O o
O-LU t—
<
cr. o < o a cc > CO o 00 > j^ 3 < 00 a: 3: 3: 3 3
LU »— —
•
uu. -— «~- —
—
<
««J* w «~. *»^
2: i/> 00 00 00 w h- *l^ «-. O *-. co ^~
<i- 00 00 00 < w=- O -J — < x>
z~ D <c < < LU o _J o X O ^» OO Q a: w 00 *^






«^ ov h- UJ
00 na X COO
•3. "vX LU 2T
»< 0000 * 5! _JfH
.
—
00 CO X JO
<£J. UJ _J HHlD
21 *• T sai
1—1 <"v. >
>— t*e »* KO
_J *>v • s: < s: —i XOO < LU UJ 00
> e-^-N, or a: .J ST
00— OOO < CO XI-
-0 •ft O • m 5:uj
—0 Or<C a: Q a: t-iOO
** Oi-i
— *-<CZ O
0. LU 0. X
<LU
w r-4> ^vSO a: O 00 SLCC
Z ^»* *» _J -T-* O h- IU H-
<
O
O 00 Ov.-^ u. -5 X <LLM 000 >o> _J C h- LU
V- <o »• • c* ro < VL luq:
o s:--* -v.O"^ • x a. 2 s:lu
UJ Qw C * O >— ox
I/) ~- c»LU •0 • 00 LU LU 01—
•""» *» oc . _j O •z. —. LU
o «— O— •;:- -H* < O < c ro CC2
h- 2: OO ovo 13 < CCZ 1-H j-<.
1—ILT O00O a or UJO H -;;- Wit—>
00 -< **** *w r-(.jCt-H UJ f*\ >»-^ <t <-s <Jh2 \- oocooov, !*»*. <h- O >- K
C oox — <^UJ t—
<
LL t-UUJ 2 1 or
n UJ <OOOUJO *• 00 C touJa: X X <i-
H- 00 21s: LUOT e^ 0_ LU00LU or 9 UJLUO <X*><oo h- H- X 1 •/<• or2













o >- JJ(\JH."' X o-uja O— 1—
<
10
LU O r-iL^or- ^m t- K-
1
O LU> w K 2O O •~-w or'-4_j s^ UL ofu. h- 1 1 t—
<
or CD _JO0 <t »CCQ z LL 0.02: 20 OT2
UJ cdjn: LU UJ 1—!<t < UJh-«
s: or > - mooi/> or: O 21-1- O.' or 1- <
CD Q #-— ar^ . H h- O OZI- OC-' «—
'
u.:r
"*j <— DO^X O 00 1—^0 1 1 <LU
to >- Otf U- »-O00 UJ < KOcQ U-Ovi <\J orO 0— \ • -"? Of On. ft -::• 00
^ or HCD^mC^ CO < LU LUQLU oo-;;- Jt HHLLIOO
CO UJ -,_ —
\
2as:-o UJ 00 O0'-'> h-O 00X3:
z <ooOmo e X r> rza 2< <t >-i-o
UJ UJ LU CC"HOD ZLU 00 H- LU CO Do: or _J _J2 OTIS- ^' <1" •-<•/{• Oar UJ 2 XK<i Q—Z:•-' <aor.~i
c < *Zf-i^O UJ V or or UJ h-<i. O-Jr «-;'r 2 C 3 O
l-H •M JJ • OOLTi <x c\j O UJ 5T UJ Oi—iOJt-< <u_u_
h- ZO^r^wv KCl<\) Of" X UJ UJ<0 < <0- II a.
ixT UJ OO t—V<i</0 <ooo •vf" • Zr\lO_ oc 1-UJ2: o: x II •- < II LU 00 h- O';
a: 2: 1—1|~! O^ISIX l-l • »l—
1
r-o »o0 <tcc< c-:: a LU-~ ^•X t—< L- ' <LO *—1 00 «- Q.O • 1- e-^ 11 • •—•CO fO 2" 10* _J<f—OJ(\J'V. •Zr-iCim2 X<
3: ^ zcck %v 1—OH vOOC h- in 00 -j-< « HO X oov, 11 hO-C ,- »-~ 1—
1
t-H-oO
<» ujs uj<rv.o XUJ II LTi || O 1! 11- 1 • L)DhXX< + 00 <J
*»> 2: t-OOHO • Q--5D II DOUIIa: II K II jzod<(v: "vILUUJ LUZ QTZLU
00 M^. U-J< • ZCD<K2LL2CGOC LUX <t— II 1 s: 11 11 xao&co ocor3 oooroo-i;- >-'Oa:sccoooouLo 00 OU.>>-^NZI LLO«3:
I/O »-» c\i CM CO
s: O3 w^ O
00 UJ —
<


















Z X c: 1
t-i Di LU K-
(
CD X O^i
h- LU LL s--
~T O X "^6 Z _J —
.
HH < < —
•
LU







Z a —1 IJJ CO K





H OLUX cc OO or 1
O OO 1-' O o_ < <
LU 00 1~ ; ' a. _' > ••—
ZO) <U" LU < X> lUv-
o X LU CC X 3: X4f
t-ll/) 003 —7 0: LU f-m
h-LU O 02 <: O X !-?(•
ox U J U LU LL tt





(XO X X< X
X< a 0X00 LU LL 00 00 •—
<
O
OLU OO l/)M <L or a. O
<Qi xro 1—« 1— IUX uu 00 LU uj-j- <
LU< o*- OT QUZ X cc K- X-*
>-<-:;• o LUO<?" V- LU < H- « LU «~.
LLLU HO a: t-00 LU a X ro or T~<OO << a: 00 O0- X h-V. O 1
< -J(V LU oo>;z< OOZ X) <M 1—
'
< • u. k-
<
luot X>-K r< <a>- UJ <I •it 00 (M LU *«
>:ll' X Om _J~J X0C00X LU^ 00 .;;. UJ «~_Jw CD -J
X> o _JCl *» OO LLX< |-< »". MOw O
_j< # <# i—
<
>> G X <l- LL CD f» -;. > ;:• O0 >
CD •D— o-~ «_- LULL u;oo>- O O 1 00 «• UJ +
>oOOi~i « _l <<r a 00 enz ZOO a -X 00 00s X _J
_J.—(*—• Luen zo XX o< uu x>z:*i>-o- < < 1 LUCO O
LU< •*< x^-~ -> 1 - <XLUX aTO •-CV I a: 0m 2l ^^^O II .J >
XX'-UU X Cr-ICM-f -j_j H-3: (_. 1—
<
\i-<j-x C-- .~. a «--<I*«. X
H-O II CT _JMw 11 -J OO LUD< « 1- II c 1 <: .'
.
LU o~ I— _Jf—
t
> XJ
LU UJ»—'O LU O——
'
nOai >> h-uuXH- O0<T — LU-ft N« JJ IU LUX QCCL | 00
X LU ii x > II o >x OO <Ot-i2' II aroi O— « H-COw Oh O'Wm LU II





X.Q-J ii ir« ii >-< CH- DJOH 0.--!OK<DO. ! DO 1 ar II Cl/) h- O
h- O-X r,~^ LJ>>—1 CO—1 h- GZ a a on > + tU t-H vj- K- <oo r—
1
<LLI OO >
X SZ_J -JX LUU-O ox &:»-< j^az ZZh- LU«- Cf. II II OO :s 11 oiO< X 21
c OOCCC X<r>00 o'er <wao x> 1 ZU-OILI II II OOLLI 11 o^ c^os: X X
































_J z < 00
< —1 LU z <
Z) ci ?~






D O _J < LU h-
_l > 2: 00
=> 5. UJ
O D 2: a: ST ^« 00
X 00 t~< LU O r-
1
00 .;;. <x or \~ CC. 1 16 < O u_ u_ t—i
0. 3: a a: < «-'
o CC «.- al 00 00 LU
D + O LU LU 00 OO CD ,~
_j *— O /*• »» SI < < t—< «-»
r-< CO— -. < 2: *-. w z
D 1 > *2Z OO < < _l 00 «—Q H-( CD 4£ «— ^^ 1 r> 00 00
^ Ooooo LU —
>
z ^-H <x 00





O 00 00 c£<r< H w »-~ 00 «—. 2:
< < 1 : 000 LU 00 r-
1
+ <Q 2: 2: t—t<tr <r 00 o^ CD 00 l~ w 00 «•
Z < 0. 1 f- 2 r-K ZOZ< t—
<
OO ZoO 00
LU 11 ^•0000 H-< » • < • 00 < 00
.->. UJ #<< < z:<i IOCM< *- <rc\i:zK r-i a : y 11 11 cj 11 II II 00 2: HO 2:
< 1 UJ 3*<i <c LU »—1^— UJ — 1 - 1 »• LU (.0 -uaiQ
•-0 < CCXX a: »—
1
X) LUr-f >-o < 11 II z>o
_J —'Z II II " Q~ 2! (—
w
o~z 2: oooooz •»O (/)I-H :*£ 000:1— t/) LOOO (—4 X00O^'»-^ Q 0OLO,00f-<H-
> t/)h O <C2 00 vtOOH- Q_OOinoO|~ <I-Z
21 <z LU SHa-'t-i < < .<£- 2!<I <z 3T 2: 2TZi-h
ID 5:0 X <.cCaL 2; CSO COST02 D DODOo;
00 <o CJ XUJQ. < o<o ODDOU l/-; uouua
O O
in v^ in
st ** LO in



















































Kl— <*- «-"l— LU
























































































































































































































































cc~* 11 r£ en
s«— coru
iodcz: ••
><: :OOw|-O II II :


























































h- H I-Q ^-^ 00
UJ U
O





<f j^ O O
a: UJ fr.
h- rt O <I
LU UJ
-i»
z: LL CD OO
LU u. t< LU




H- z O tJO z?: z < O
Q. ^iTZ'Z ZOT _J
5r zzr UJ
c *-^ ^-~* >
a— t
sO , : . LU




2: LU » v0 OvC 2'.
< _iLn «_• 0— —1
a (Ov LU ouj
<Dh
-<H O
< K-< t—i <
OT. LL'LUC< Oct: UJ
a co or3 OS or



























































































































-0000010 + + m + oooin +m + ^.jGbTMcotiw^ )lo










I c\!inro | <f-Lntr> | omr- | cov oujoujoujoujm
'-'Ci-r-io.rvjarxjcxrnc..
i u' ---•.O wowcwocoowcwo^o
COO 00 _J 00 „j OO
_J OO _J 00
_J 00 _J 00
_J00 •—"OOw o';—'00wcO»~O0— 00*-O0HO II I II
|
|l
I || | || I II I II |h ii t\i ii m n vj ii lo ii o ii r- it co nUJ
—< UJ c\l UJ po nj ^ UJ LO UJ sD UJ f-™ UJ 00










< _j—i r— .• !—
.
j »_ Jt_

























































































































































































I I— LUCL*UJ2X QUJtUHlOQh- ||IC II f-










































ll; Q h- z:< 00

















H-< <r 3r<r <DOCCOOG t- 00 Z> s:



















|POif\ninQin 00 a in z CO
• •••••*
-J "<* a UJ|— 15
0--"'-, f\i(\irom DC-J GO Z OCO 1
<r<
_JIJJ 7) HO «»hhhhKhl- LUO _J(Y. O oo u. HH
oeoooeo I DID a. o •—
'











H< ILL) <—• l~_J • 1 o
Q. D D ( 1/0 h2 <r< CMt—
O
UJUJUJUJU ILULU <UJ o i i-ro •»>.O0r-lQQQCCQQ _JUJ 0< zz • H- O0C> (MOO
Di LULU ro O LI J X * <T O
«»••««• ZI o o:uj CM co •4- IT, vC r- CO "V -*? \~ r •;: sthDDDCCDC <(- H !- 3 f- V- h- y- H I- h- ~- IU Z> •> —•<
I-27L'; I oo h- Z Z. Z z z. z. z O a: UJ|— *~, 1— i ! C .








t~< •4 i- h -i HH ^-n. o—0*tcc*e« OO O or co CD ca CO CD co CO ro 00 OO t—l(J * ' >IJJ"~0O—»—-—• —«. —* -~ .— oc< < + + H + + + + 00 o< : •;. '• Oto




I I i 0" I I I I -1- DC LUO. UJ .--» »o
•"•*C»ttp* O o IO t- H h- h- 1- i- h- h- Lf\ <r 00< orHWQJ
tf\.-4,HCMCMforo^ c/:tu • O0l— a a a. a a. a a a o LU O < ^^^- tUJ
• t»ct*«e <x st h- LU LU LU Ul IL) LU UJ UJ ro I 11
1
-;'; OOUJLU>
• UJLULULUI—UJLU _Ji— • DC< o Q Q o a c a L 1 00 00 »ICDO0000-«^_l—
-
IU_J_J_!_J_J_J_J H C~ JI- tf # -5r j<. .y- # ty oo <^\-z.z.<x < ;: t(—
_l»»#ct»» OOU e u.or r-l CM to <l" in i r- cc + LU<, l_< ^_j Ky) >oq:
•IIIIIII IO • < LU LU LU LU LU u UJ UJ O I^HL >(- <r *ooc?
Ihhh-hl-h-h H i oo> acQ.oacacaoQ.cacro.om 1— -is l-iKI- «—MGl/)
l— 0-aa.o o. aa CLU.J h- <t CHOHOriOhQhOhOhOhi/) lO<UJQU II 1! —1 II
CLLULUUJUJLUtUUJ UJO a jq: _j _l _j _l _J _J _j ._j 00 l/)l/>_JCOC II ^OLU-—UJDDDOOCC o< UJ D< ooCooooooooOooCooOooOooo-' i-< 00 ID u. OO OO> t-i
a: o . :uj II 1— Mi— II h Ml— It I— Ml— HI— fl I— II II O c(_ Hrt ooo»- +
QTUJ y-0f ccz. OO OO to 00 00 oo OO 00 oo O000_ll— II <^ 1—
ILUULLU-ULLIL Q> u. 0-< oooooaooco^'JjooooooooCooooo aa. <_J|- 00 5: LULL—'








-T o cc f-tuj^ Kn-
UJ ~ *-£;- .- wrvox
~xs*
-C >- omv. ^ * •Ovt«» CM •>
2 - U-S5 2 ~ ^^ WCOo^UJOUJ
r: s: ,-;. x „ S !M~ HXs^wa
O + ^t, »~g£ ^ h-O LUrH „< UJ H--LL
"J t/j
u_i-. h-uj<r _ £"- ^^xcclou.-
-J t/> + £ U'S ~ ^ « VCN— - -
2 CC j_> £<£ ^ iffi OCX- LU^CO
old ^ co >Lf^ w< ^a •u.uj -<tillu
^>~C 3: £? Q -- ^_. ^3 £ ^





z hs j ~ - -* ^ i-x -x
£**;* co UJt/, £ °- 7< 11- <o:ztf*2i.




, ^ Q IL rS ^ " UUI<H -» h-
°^ ^a co ^ _ . K^ 0^0 -^ x ^2-^^g^x cm
JU m- <r _ r- i + \hS> O- COS .. (NJ
LL)!l.:i!J »— »^j rr i_ ,Ti l~ X » t~< s. k_,^ 1 / m
ii.i,,^'
3 + Q * tow agg ^ ujz:<\juci-<s:x<a3 .
li.r^T 2^ Q C;^ '-^ '— Z w^ x ^^ *<U-Q^^d;_j xt^E~>£ Lf -*cy xw q> „££ ^ ujoma. ;2a a ( r)h-<l-—
-<; + Oto LU+ ... ^ ^pio £5 r1 "-SULOQ.- f- »
-To< '-in-;;- ^* .(-) -;: >_ v" , X^ X rvo-l— (-._j< > o'-riT mauja + oo - oS "^ o- 5 £^ • -^E- -<^k<5^ 2
S n^o m UJ> <* ^'^ ^ o< - ^^s.^ 11 x xoxulx x
2£^j ^ s^ tes £< - x s^o li"--«-"
SMJS S->- 3? 3; !? £?lg ffrcSSSS5!t6SSSf:gS^5
»rl£l s--~ - <5 gg SSIg sggllllss^sss? So-<u.>..., >
^„> UU1 ouj ox gSS? gssessgs^s^gzsssssss
OC/OuOO OO ri
'^^^C> CO o
, -, x, N !
•
Co—i<\J ro lp, ^'

















;-< INJ rr. OC r-^ in__ ^o rr,O 00C 0>O r- r-
-"^^crococM^h-r^^-r-r^ccin^-voeo
O r-< r\j pr, in in sO vO in ,*• rr, ,_ t\j in oo J, -t


















-oo o vo c\j co vj- <r-o s)- r- <mom
r- ior~ o o* rs. r« o c- true n mm xj- cr m r>O~0r-vj vfoc f\Jr-Or-oin—1001^.^-10*••••
< . . .OO
—
M LT, 00O -J" f- r-< LOO^ O fO, 05 fT) OD
»-<•-<>—i(\jc\jmr<-ir-ix}-<iLi in
c\io oo o rr _, a> in r\j a- -oom -i xC «o co r<
ro r\j in £ rsj o> r- ->o xi- ita r- r- coao r^co r- a^ o-> cr, co in
-J- <r o cr r- m _< r\j ocmm
•
• •••••••••«,









t- ji LL i/w •"•-'-•'-'CVJfxJCSJCMrNJP,.
en (-, J-JUJ f~«v.''-< l-'">T.ocr'CrsJ-coo-<co«j-r-ir-'r-










in COy LT\ U-o t z l/)
a: r-< o O.
u_ t~«
^- X
to rn o crt-




ID o (—1— CO O'JZ •o a









ll «^ r- >
c^ o
X o
o i z •
o o
(/i 00
CslO 00 X CO
r^m
—I h- r-
• • *5 O •
c-JO r> -< o
IA o LU
CO LU ft:
-J II II r- 00




—<-"— LU O <^




LU oo 0"!OLL >
LU
LL




























LnoLnoi^otAoinOLnoLOOLnoinoO --( -< (si cm ol rr, <J" v}- L^ in yj >o |- 1^- cr OO CT>
OOOOOOOOOOOOOOOOOO









































I I I I








<* ™ o a
















f) ~ £^- £!^aP^ ^"^©^OinoincHrNoino
IS < O ° g pEJ£f OOOOOOOOOOOQOOOOOOOHfMO =) Z






CMO>-l- k- . _

























c£ec o—i—<c\jr<-iro >t^vj-iALrMnirvm<}--r NffimrMCMi-io







O >-o rs;oLncocoincovO.-<oi/" s}-coir. .oof-vOaor\jr-r^,o






</i s; h- t- 'tH^^^ifimtMAO1 -(O^roa-LorviffitMCcOo
>-«o: co r*0 >o co r^ in co #-< cm inrn in cm ro >-' cm »i" "fleers -»!»-2 Olu ...t.
•- lu;? m-^oc" iAOCii^no>flMr^Nnom>-it^MO' >j-co
oo«—
>
r-<cMCMCMC\jcMCMrMCM.-<~< | i r-<csjc\ifOro4">J"





cC H-O .-< r^-O-Ot^-O- fMCi •-"•*- r-j »—< csj —< |— oh->0-0-0 co ro^






































u.j_j oo'cc^j hcm —ic^o^-if-icsjvCC^r^rvi^-r-i^-iLncor-KM
z I mCGO^^cr.^a ^CC'C r^COfC, C G^incOCMr'-ininvOr-
UJI- ...... ....... • •««»••••«
ll in »o tr- in >i- oj m. co ~cOr-jr-'-<'-<a'Lr\ccoo~r-vfr-ico




r-< in co cm inv cm -0 a- f*i Is- O * r- •-< -J co .-< in a, ^ n . in




« « Z >-
" 1 LU HO
inovCtMt-i-ocoo- cN^^oo^iftHoomoinco^
co o lu ooo MCTr^c>rop,iOv1-vC'vt-c>^i'-ir~crror<i(Ni-j;i iNji-r-->o
13 O m x O^ r-tt~ifMi~ii~<oL7 r-incOOcomr—HcoO'^cocM^ inro





o . z. .3 O >- CM ir.oinoinoinoinoinoLnoinoinomoinom
oo oo »~ l-K o-<—KN.'fX'rorO-J-^ininc-cr-^cococ-OOO^-'—
i
(MO









lu>-« lu <s> ~* oto —<cMc<i-4- in\OHcoc-0'-<cMc<W invor~cooo—<c\im
DU- > . LULU «-l -< rM .^ •-«.-< i-l r-HflfH CM CM f\J(\J
u.



























































































-J II II CO ZTK-
>~<CC
CMO>-l-~ 2 OUJ
O- »I-Z M uj^:HrIM UJ CO hi
• oto hi UJHI^^U z
UJ hi QDU- D
LL Oco
II II \- UJ *: >-<UJ
uu LJO
to 1-3:0 on HO






















to W5 U o--<r~
-J CO UJ <o








hi r 2 >-
(M UJ »-o
r- 1—1 LU
O UJ O-OO CO X o\
U. r- h- _JI—
UJU.











i/i X in D <UJ
_j h- vj- Z QCUJ


























cmo en cr co l.~, aio^ocr^fco ,j^ooi^NOojCM^r^.orOi-<covOrnf-ico >or<-i^ico 1o('n--icOvO('nO^ cm vTr-^tnoO cm c© in cMOCor-in^Mr^cMcvcMvO^Lninininvf-Ni-^Nj-i^^
OOOOO^^rvjrorofO-TLn^or^oDO^o^rNjrnNror~m^0^rNjrn'*cnop^coc>0'--ic\i
„i—i _< _< .-1 p-i .-< .-<^ r\j rsi (\j cm cm cm cm cm c\j rsj co rom
vOCravtc\jOOOOcoc>rsi^rnr~03v4-co%OLnfnocr^rn<NjLn(v-4-OOu^r^^vtrncn^cro
r- cm C~ -1- Is- f— co rn co vj-o —< com -4-o ccm i-j cm >jo coo •-< en -0o >o en -4- r\i <P cm cr^ocMP-cMmco
in *o ca cc <? q- cm cmoomo cm cm t> eno -J- o- in cm i-< co 00 «j- «3- ><- -j- nJ- «j- •#m -j- sr en -co r-r~r-
coo-^ooc\j~»in-irvo^in^-o>-'iri0^ocn-HsOOrnr^cn^invOr-roc>o^(Njrri-i'in^3r^co
m^-^LnmLnminNi-vj- Nj-mmrM<\ih-i 1 1 rj-.nr<nnmr titin-j'-i-^ s'^^v'sf<f
I I I I I I I 1 I I 1 I I I I I I I I
N?cninr\i^ONO>Oc\KO-4-^o-tr-^inrn-4,^rvinr-e»hrfm~4-.-<ccLr.t-4«
p^tnp-ocrrMrno^invOr-coir-ta'ino^^cniric^c^^fnc^Ornc^vOrno^oO'^^f^






jo r- r. oc '-r-HCNjrM^r^r-'r-^siJcxr-fMr^^r^rn^-injr-r-oinrn-iirfi^o
c\j(^^cMcv--i^rsicvjo^o i cnLno^f^>-Hr^inr-^rn^>c>OMCj"(MNj'>^c\;cor^
0<tsf«t^ocs.ifnr«>ocrOr-<rMr^oa'a-cicocoornoo^sj-roor^<Vvoa'0'-<OK'^o^i^ra
oor-cncNjcovi a~^<js(vi— 1-ji:^o>n')OO^c»: (\ i r-.-iLnovOiNJcorfic>>J' ocnotno-J-cT'COr-'h-i
s C> C7 o - en or f- r~ •£> v0 in en <f- p~i <<~. cm cm ~ioO a- o- co ct ' r- r-O -O in en «4 .j-^ ro r\j cm <-<#-
OOOOOOOOOOOOOOOOOOOONOC>«*HO>MfiplH(M^OH^'.t'f.raON
o
- < O -i) cm- co ^
o




























m HHriH I I I -.— (Njfsj















X. -4 LLo . z l/>




i/i i-i o : .
_J r-( LU <e>























LL .-I H ^.UJ
_l <
CL <
X -1 LOto o in z
«
in






















-J ii it h- f\j
LU
0_























UJ UJO o UJ N
""






^ 2n ££^™^ ro <>-<Njr-ino^o.r.c>5" cy
-< r-i—
i r\j r\jm ^- .j- tAm






-rr.rjoc (.-.;- ^_,< mcyj-Hooor-om-d <\j
'-ol-^-Onjinajr^j-r-orooa-i^-.^f-ofr,





1 ^> voi^r>.c.-'-. r £-
ooooooooooooooooooo

































co -4- on r- o * Oir om roo—i^ -. oj ^- r- cm t>
ro »-< oo in —i r-—imoo o o*o r- -j-o in t> oj in o
° "* -"^ co co «* 4-^ «!•
.J- ,* ^- .4- -j- m rxj <nJ _!o
Oo^OoiA^oco(\jcr^Ocorvj!nsj-iA«f oloo(vo in co co in co
-o ~tom nJ- co inoo r~ -o co cmO i-i cm «* r-^ ino -o (sj co in <\io co f- in j- ro ro
OOoOo -< >-< r\j cm ro ro -4-m soO r- eo CT*o^
com<Mnm fMm co r~ it. r- ^ in r-< o -j oo oo in r-
r-- rocororo cm
-foo^io coro--.ro .-< cm ooc* .*•
cocoo^r^cooccrceooorocor-inmocoo
rnvr^rninu^inrnCT>inoin^icDinrn^f>r^>o
—i—(CMImcmcmcm.-I'-i.-i | | r-irvr-irONfm
i I I 1 I I
r-<tMr\j^-f-<inr\irr-,(\jrcico—jmror>>Or-mvt^)
r-o =0 f\j <<- < in r- r>j .-. in r- <> in <f -o -< r-ir-o
^ ino co >o -j- r-, ^o a- co cm •-* <?o cc r- r- %o co o-
o "-< -t r- cm com <mo o> cr- a- a-o o.-< cm ro <? >t
•-< i-i cm ro







mo corMcor- a- ^-^ co ccrMrMocoao >j-o oro
COOOro.omOiOHvO^ir.corgJi-O'Mrri
eoo O cr co co oo oor^ r- <i vOm vr sj- ro cm ^-< r-j
«J-CMOC0O-4-CMOC0v0-^CMOC0sC"J-rMOC0>0
icr so cm o- voroo -c roa r- -4- or-
cm r- cm r- cm r- cm r- cm h- cm r- cm r- cm r-h oh »o






^-< <~t c\:t-<o o^ co ^o roo r - ro a




" ^ J~*. •nomomomomomoinomoiriomo
CMO co X r- £ tfr, ° rt -'CMCMrOro-j-^-u^msOvDr-^oococM^O























































_J K- r-O •


























































































































cccc ocvj-in%cf— coo~o—< —i-HOjiNjtMfM^-i—i^-<oocM7-K>»ccf»-r->OvOL'MnxrN}-m<MCM—
<



















































































I I I I I I I I I I I I I I I I
oc(^^ou^r^o v ^^^c>r^(^^^(rovDr-.oin^<Nirocoroco(Nir~-rNir~-<\iaorncrino





<\j.-i.or- cor- sj oc ir. co (<".-* in o-ct- co'Cioa -oo co ro r<^ O <\i .-i o> «oror^(~- vooom
c\j-J"inincofM<—(vOininro^i~r<ff<A rninoC7(\jirir^f~in>or'*ivOr^^i~-cc>oin^-"-4'.4-r\jc>
0^^'^^wino".c^rn^cnc7'0^f\)i^invOC>r\ir~^rNi^-in-^r\j^^co^0^or^ac:c>
co r~- in r\j co •$ o" <} 1 i .^cr<\/<)0<r ct o'ioDooc>in^Jt^fsjoor(io>rrico^-.r^in>o
CTC7, 0~C?ojcor^f^<)vCinin^<(^rs/nj^^oc/, C^aiccf^r-r~>0<'inin^sfrorric\i,-<
co^ONOrMCO^oOrvcOvj-o^orsjco^o^Oro«^o^(Sl^^o^OrM^<>(^f''irOf<-ifrifn
i r-c- oc\ f'iirnOcoO'-'<,1 >f ,OK>C' - : ' . o in ^-im r- c ^ j rO








0^^c>| cvrornvJ-<tL'\Lno<)r--r--cococ7N CT-oo^-| '--f (vfvJf<-if^- »ot*-l*-oococr
OOOOOOOOOOOOOOOOOOOhh.
oz





















































ir\a)f<i«\iOl^-inv}-(\ic:rOfvcDcccoo xO'^ii-iiriC^oroCrO'-, fT", cmcooo>0—<cm
r-iroroiu\r-^H©^u^o^<cooHror-<Vf^ror\iCTi^inf^vto*o.-Hr^cM^cMLO
^-lUM-cccoa-OWcor-r-^LAstpirvir-j | .-<^-<rMro<l-^-Hcococ^O•0'-^—km
I I I I I I I I I I I
-(-(—.-I
I I I I
<^(Nj^vO~C^Lrf^,ooo3<^t^vC(NjCT'C\)LnrOt-tfO«3-cJD'-i|v
-cco ,--, t\iv}-u^Of<".0
rvl ro f- 0^ cmo to. cm <}• <f it CMX >C
O
cm cc Cr-O -3 <r vf r~ «. it. ro cm o ro \0 <• rM c~ -O
r -i .-<o co en c^ r ' >G 001 Ln -o —< cu coo cm «$• n0 qc r- $ 00 co <f Is- •-* ur \ Cr cm -cC <r cm 0*




































































































































coOcoLor-4- -* CMirvrorM^o-ccc^-cMOCM- roco co>C'-t-4'^-i career- ^-icTroH
r— co r-i -oo inj <r it.c -J c >-. ^r co vj-o r- w o coo it > co cm cm—< <i m <• c roo <nj^ j-
cor-CM- :- ^ •' v .•: -.r- - . ," "0^-£0'TCr Orotr ltiu^c r-r—<c c c-
cr o •"-" -J' >A ~o o v. 'jcoHO^ivj vi-i'ifMC-jfvjro^ vj-rotMOos-^oui
vj- s*
-t a 1 oj r- :o j • c. . r - v0 if 1 c cm ~>o or- eti r- -c in vf ro cm r-io cr cc r— v0 vi" ro cm
r<"i ro r>"i r>"i 01 r< 1 ro cm oj im cnj cm c\i cm cm cm t-i—1 1--1 rH —1 r^ ^h ^h r-< .-<
rM<CO^cocMsi;o^"COrM^o^mrvi^Oo^cocMOO<r^HLnr^i^-<c>'--Lri-0^
; . 1 ., si ccc o;H^Jir,rorM—iOcrj
..fiOl ir.mcaoiAcMOHiriCMOr- -i-rMO HvfiHiinOwOO*







O^^cMC\jnr0-^stLr,in^v0r-Hcr l cJ0 , OO-^^c\;fMc'0rOvf<-L0if\v0^0H
OOOOOOOOOCOOOOOOOOO-
i-iCMro-J- invOHcoc^o^rMro»j-ifivDr^coc)'0'-JCMco~i-Lr.vOr~ccc O'-'Ojrost'















































—< f\i r\i rsj rj <\i iv cm
















































































































I- a- ll ooa.
HHfMW^^ l(Mi> >0 ^M. (0CC.5, ,ClOoooooooncca^O LUO ,_
O0^r-^roof~roo Orvjr-rocr^^^^^oDW^^<)OLPO^rr,^ocM^^-.




















































z UJ a: or: Z
00 < Oy 00 —<









_j UJ cc < a




UJ O UJ O
u< UJ H z -» Z
a 00 < c H-<
LL O UJ »-- O
LUO O t— 00 t~ — or
3. 11) D Q < Z LU
H00 U ^
—
—T w O 21
UJ < —
<
^»* UJ -1 t—( ca
0>-«
_J Cl h- 3
h-l- 1- c Z «*.- 1— LU ^-. U 00





l-<IJJ UJ t-H 1—
i
Z UJ H 00 H- z
a y a i_ a »~i i~ ^-- O Z LU
t-o V. t-H O 1—
1
•ry UJ z LU 00 X




00 t~: > <-" UJ 3^
LUD- O Li-' r~*j 00 LU- h- h- K —
1
O
-5 z 00 LU LL .-» 00 H h- 1—4 O CC >-
CD 2! 00 cC OO LU z z UJ < *C > UJ uDO LL 00 UJ a — CO LU <T OO LL z
i— UJ O <f > a: 1—
1
I- 2: Oi ai <
21- 00 5; C Z K D t 1 HH O U UJ O >-
<L> •V >- LL > O >- <I H UJ t- <
UJ 00 1- to OO h- 1—
1
h- C -5 UJ Ci u. ^r. CC 3
LL00 UJ —1 D 00 <f M t- —
<
h- 00 CC to LU X t—
<
CD
ZD M 00 _J < LU O O UJ UJ c -) h- _J
UJ _J —
<
<i_ CL ST a: < LU <r z -<r > CD z O >- > >
Zl~ 00 00 UJ 00 < < D, 00 a LU 5 u CC. O Z O CO CO
o< "^ O O0 00 < < CL _J 1—
1
LU
1—1 1 00 K <r O0 z O LL CJ O LU LL K CC LL UJ LU
\-z> O 21 h- >z < 1—4 UJ O LL > >- z O < h- O z 2-
<o z UJ LLi 21 h- O O O K CC 00 O
gc_j Zj 2: IS h- UJ Z UJ z LL i~i D h- UJ 00 X O
h-< O UJ O a UJ t—< Z£. 1—
1
X O LJ X _J CC z> h-
UJO a a: i^ UJ UJ z "*3 cC zo a: \- a i^ o LU < f—
1
O .v: ^
*l_ N» _J —> O < O < —J < O- 21 _j or l-H U UJ 2 a: cx





CD C < a CO > O 00 > 3: j£ < to ct: _J 3: 3:
us: LL — «•» *»»
1—1 <t ta» »—
•
*--
5~ac 00 O0 00 00 v^ h- — *- CD ^~




O < < < Ul O -J O X c w 00 c *"L C£ *t^
>or Z X 3 2: 2: s; a: ^ LL X > — O"; t— CL <r t— O CD
























2 «-'C?_J «- •» CD




l~ <UJ - • • en
O s: »-v>-c •
UJ o—os ;-




*-^ c w 0«~i A 1—It—
1
<^




^D t-i _ t UJ
z. zr t- oooov. ^s.





UJ <i ~- UJo • 00
h- t~ l/> s: toa O-
o •~- t_> <r *< : :
UJ UJ V *-r~- »- ;; C5 "^»
(/) 2T
D
on < -ovoo t--«
c —i O >- Ot-ICMrHV. r S X
UJ H UJ c Mw-f-\co UJ I—O U cd o — CO r-< .J ID a CD
CC U.l o: CD JD • Oto z 2:
UJ 00 UJ CD -C\i>2: >—< UJ
s:
^ -
u. >—» r<i oo ZD _j a:
CD UJ CD r-O^ »O0 i->- H
1} CD ZD ^cov oo 00
to CC to >- 0-< "OS UJ
UJ CD o-^ »o -J_J a:
>- j-r > cc r-i co roO • co< <
CD CD CD UJ
-OO-H o Ol- UJ
r> y <O0lTiCH!- z. • X
UJ CO UJ UJ UJ CDHOO za (\J to
?: ^ CC jt-
-t «-•< ON t—
1
O
o O o O <£ *-r-t"^i—
<
t-~< *v*N a:







K oroioto t— otMnroom
>c ^ ic UJ OOVO <Ih-MCvT • 2ZOJ
oc a' or 2 •—1 rH •—< 3E »• o -J- « » • t—
i
I-Cj •
a o o »—
i
OOwCO -^. he ror- ii ei-i(Ti
z< 3: 3 ^T ?:co » 3 I—O »<rrf. cot— ingo Hi-
—
>
»-• ajr<"<iv * IDUJ || to n ll i || UJ ||
>— s: "-i-oo Q--~>Q II ; DOUII
*» CD »-H«-»<r »v- 2cr:<H i- zoc
CO — ID OOQOO •HCaSOcDUUUO
r> t^ — CM CMCO
tO *•* 5
CO t/> ZJ w





































































































































ZD co^ ii O
oo^-<xx<r+ cnj<^-<<
_JZ'QO<cCMUJ5^UJ LU




Z ->{ »~ :
oa -;;- z: -;,<•
O CC ,-J CM >-*
<wQ II C





























































IO I— O^"--' |! Q£UJ
•— z<r -~<:x
x< o*-< <*z

















































































> II o >x
_J>OOZ
































































































































































C^ CNJ UJ I— 00 h- 00X




> + vI-X.^UjOcnj Of< s^.XX <XX II IILUW<<
X II OXC"-'<cOX || II ||
o-)^ouUjQ<aJl— <or_ca






















< _'|- »~ :






t-h-CJ 00 —>• ——
—
<<iu_u -« _.~.~.-. .-*.-.
-JCX' »-<U_ C aC'C^r-i
O h- c-.' _iO Om r : in c; croo
C£ LL/ C)O •••«•#••
a r: a. ca on .- i <-; cm cv cm rN, >fr vO
LL; Q^UJ *•*»•••
LUQ.C0UJI-H i— h— I— I— I— 1— 1—






clcl luco ««««OC o 00 0^ v0 v}- in r-< ro
Cl*-»U-_j O8e»c*«»*oco 00 r\: (\j cm o cm ^ O
<_jOcn;iiO——'--»—— -~ mf-\O*OrorM0C<\ir-
< _J <liJ OOhCTC O^Hh-W co <f- Ln sO r- h- 00 CO
LU llj lu .-h t-i •-•-Lr.OLO.C'-G'OOCr-- •••••••••







«,-< cm c\jc\; cm <f-v0O tcf a" cc ai cc cc 6z cc. cc
£co 2 ><r-i o • • e » * « tvo-:- •>(• -;:- # # ;: * -if -;:-
< »>2:UJLU SI »LULLJLULUUJUJUJLiJ »OHO--<<lr-lf<lHOHOH\CHvOHCr-l
^<cfJO<^uj^_j^jj^^^H(Nf<NJc\iCM0cv'cncMi^cMu^cvc\jr^u^(\i0x f\'
-< t-c<<c x_j • •••••• *o<t vO i-h co Ln en <\i r-< o
at-u_>aooo • ccccazazoiccuaz • cmc-<C--*Cl C OCOOCOOOOC
Ilk' t—
'
MQ.C!;-»w•--ww—-wwQi «t— «(- »|— »t~ »f— »|— • (— »H- »H
<t->2DUJ Q-w w*_w—ww || || || || || || || || ||
JJOCO&'LU^Q.lLU-U.U.LLU-U-l.LLLa.i^O^O^O^Qi^C^OMO^Oy'O
^a?m^UJ<MMWMMMMMMMUJOtJJC)UJC)UJOUJCi)LlJOUJeUjOUJ(J)
r\j (fi vt in
-o h- cc o- O















2 h- -if- oo<~
< _J>^
U'ijj-;,- O r.-:-_ 1
r-'








< i~ >;- UJ —o + <2 — o< r-<^J— »
OH- • D I .-<:*:
»-<<cO UL i—a 1 uj
00 ^ LLJ ^-Ot— »-
LL'__J « CD -J wa:QCM OU-oo •*
*.>— CO >QCO CO
00 .;:- LU + <r »
i/joy. SI jc::<
<UJLU b cz< -SO II _j >UJ I! CD
<r— 2T —CO
0_lr~< > I"". 1— r~! •»
WO- 1 oo< 1 <uu
Ooo»~ UJ II t"<Z)
O*^-' X -j-j-- t>2r
<cc,oo K COWhH
00 >>t0Zh-2C< 5" r-z ::<-. 2:


































































































XOC\J<O II I! II
— •-«-* LU











































2. ii a s:O—OLUQ
II II X>(_>
oooooz: •
00 ITi 00 i-i K
..-



























































































jj c r CM CO
•* s: 11 cm X
tu o<-~ II 0/)
h- 3Ohm
< CC' ••, x—
-
O




<5 <mr>oO OXoOO ^"








5; 3 UJ 00 oo
CD O h- X »fr>fr3 UJ < h- 00 00
00 a: CDZ
O0 00
>- Z UJ UJ mm
o < z or OO
< t- UJ h- rom
UJ toi— o. 00 00 00
OL zz to to






UJ O0o.-"~> X to to
00 UJOCD LO 00 oooo
O szo 3; •- f
X o»-< a Q tomm
o h- o uj _j Z Xoo2 LUCi X ! <t H-CVC\J
KH l/> cC3H o OO'OO
o 3 X UL oo ZOO 00
cr. -J ill-Q.' LJJ UJ - f
UJ 00 CL ' UJ X I—
i
orroo
:-" 2 D3I- H h- h-r^(M
cc O z 31111 0-* O. i— 0000 00'3 »—
<
a <3' z UJ O oooo
OO J- f-i CI *«• D o OH v *
O K UJUQ CO _J Q < LT, Lf
,
t a: UJ^- O o< I ' 3 - 2 UJ U uuoo
CV! LU 00—
I
LU O-U . 00 C> > «* Ihh
V h- %»— 00 uj a: 01 i- i Q OOfj'O
«-. U. C CD r»: ry.O "5 !- 1- 3 UJCO
c\; < O ccou. ':> < z CO o *• -
# COO -) z 3ll «— D~ UJ • zoo
tt 2: OTCO >-< 00 oo .-^ H- a: h- -=r .—i •—
s
X o i o~ »— 1—
!
r— U.I UJ 2r oooo
o »—
<
2 + ujz » 1 UJ z UL - OOO') 00
* h- U 1 a>->-z 2^ CO UJ 1.1. ">: LU «>• «-
*— o Z>-"« r£ i-H <C0|~O ^ <x" o. i— l-H —mm
1—
<
Uj 00 | re — 3 l-i 1—
1
1 UJ O Q hO(w CO— t-H 3 CO to to> 00 H~l s: UJ •* l-i oooo
< 1—
<
LUw 103 ZtQ<Z «~- CO K z O OO-JO")
1X1 LUw TC'i oo OD-UI.U + 3 X) zzz < O •• *
o: Z)oo h-X> 1 •-< »"~ to Ql sTZZZ zcx: JCC
< 23 oo ^=3 h-O0<£>-< s Z'Z UJ>>




CD D + Uj„J00 r i CO 1- Zh o a—
c




s: ON y- ii iit—ii—( Zoo *H i^ CNJC0 cj Omo II CV' IOM1A
< O 1! Cf-— CK«— «~- _j«- r ii s: -** i" — II 3: CD h- h- D(\! -0C\! \— r-!CV!(NJ







-f. IJJ3: Cvj '• »> (\J t> •>
»—
'
o«- s^-" r-co:- 3 <—oox 00 - !-£ — C03O S UJ »-vO OO Z »>n0s0
n H— CO ii • z co<r< O Ii •*z 0DO3Z «- o; _Jtn^ O"-" Hir.^v
*• CD _o _J —K—
<




Oi CO—'LU OUJ wLUUJ
»—i y:.' <oo < mZI- UJ00 00 r-i-.ZH O 1 1 OO || h-Z o <OI- r-,|~ !-K-
^* QCtO h-S (— «-•!—(z h ." —< OO W —iZ UJ cc enzw a <I *—1 t—1 ci .rr (-rit—
i
00 OCQ ou OcocrTO U-3XK occaro X oa: a: LU UJ 0i occ: U-i uj ex Qi














a. CDOiS Q2; c< q:3:3



















<t LU X »—
1
h- X 01- h-












h- o »—<ZT 0:l-
z. C l-< CO
LU CO 2T>-. co a: -J
s: CO > —1|— h- <
LU 2T - < qcuj __'
or O 3: O-J <tz:
o i—
i
_J LUO LULU LU •








X LY *—l SO crx O. '•'
a < O 01-- UJ











a: h- - U- 2!^ K<3: X X




h-K Li- OLU O »—
(




a: 00 QCLUO X •UDh
LU LO lO to h- <c£0 1— CO (\J<H a
2l c£ LO LOO LOO LTO LO LT.O <£ LUh-U. ZJV.UJOUJ
UJ < LOLO •O • i—
1
eOJ • OJ *o • ro J '.O LUZ^-a:<0
LU •O ^r-1 -n^CO ^CO *«vCO v. en ^.co h- CO UJ ^•-^^ or
J X *>hCO — co — CO •—CO —•CO — CO — CO 21 a: a: <s: 1 CO •
< CO — CO OCO LO + OH LO + OCO LO + LU LU<< 1— XwUJO
t—
1
LO-f ^ + OLO (NO OLO. CO + OLO ;sr h-iuD xo x<r
H LL OLO CO • r—1 • CO • OJ • CO « ro • *-M DIG oi h- •;;- okcs:
2* o CO • COr-l COr-4 CO CM CO CM CO fO coco o o ft. CO CO LUC-hhcJ •
LU LO CO* 1 •::- CO* 1 # CO.-. 1 -:;- CO* UJ o sr OUJ*.'C^LLK-
h- LU • 1 CM LOCO 1 <f LOLO 1 o Lor- 1 CO CO c-H OLU a: ZDI JOO n_ V. OLU OUJ OLU OUJ OLU OLU '. . uu •- OXLU t-H >-X<L •
(X O CO. t-<CL . II CMCL wo. coa. roo. •4- ft. LL r-l H O- JZ 1 <x—
_J O coo LO( 1 COQ COO coo OO coo O II O >-oxs :-
LU CO COO CO_J CO_J CO_J CO_J CO.J CO_J CO„J t—
i
I— 1— CO OwD LU 1HX i/^ • w^cO —-to '-'CO — CO —CO — CO —CO >-o <o l--?f Luzrx
<o LU II c II 1 II 1 li 1 II 1 II 1 II 1 II 1 h- •O 2XZ' LU<t—XOO
-J v- H rH II C\J II co ll <r ii LO || vO II r- ii CO II »-<oo OHD XCC II h- «
31- 3 LUt-! LUfNJ luco uj^- LULO LUvO llt- LUCO O 1 o t— O h- l—ZC <s •—
1
U2 Q. ck O.H C f~ Q.I— Q.I- D> O-H 0-H o»-OJ 1- LL' 0- LUh 2TXw
-J II y C2 (' >' oz DZ oz OZ CZ oz JH UH Qi2CLLU2r »,-
<Q- O _)•-< —If-" _Jt—
<
JM Jw _J^ _JI-< _!»-< LU".-o LUOO OUJU LL
OUJ o COCO coco COCO coco coco COCO COCO COCO >>o cozri— u.aDS2 HH















LU Q h Z<£ W1 LU O OLU <
Z) LL < Q
LU oo ^ 4-
i^l— OO LU G'O 00
r\j ro vj- in so r- oo < 2: < a' o> ooK< < D£< <oocnooo h- oo r> s:
KKhl-hl-h XOO i-< O OX 0-
Y-'Z. IT) 21 ^
ooooc OO OO oo <U ^
oooccoo 2:0 I— a: z: <—
LU Z* LU IU —
—>—•~-^— '--« cci— -< a. k- •»<
—.—.—.—— I— t-i CD CDX ^
LO C--LTi O IT.O LP, 00 Ci- l/l Z K
»•#••••
_J IS OUJh- 2:
Cj ^f--»c\jc\iroro c/_j qiq 2 cxTO I
• oce.«*<<
_ju; o I—C —
I— t— I— I— F— I— )— LUO —ICt O OOLL t--<
cijoooooo x od " a. o «~
e e « « * * c OOO Li. OO D 00
xxxxxxx z- <r z: -oo — ••
i—— I— I— l— i— I— J— H-< XUJ i-< h-_J • | O
D-O-ClCi O-fLO OO I- tL <"< CM.
UJ LULULULU LULU <XLU O X \- ID "v.COrHOOOOOOO _JLU a ZtZ e K OOC? CvJOO
r-<—<-?->*--~^~ a: ujuj (m c lu x-k-<o
»•••»»• zri CD QCLU c\: n <f lt. «jO h- CO *v Z I— O-;; : !-DDCQOOOO <l- I- hS: h- h- f~ H I- I- h -~ UJ ZT>- >"<—<h-zzzzzzz x 00H- zrz:z:z:2z:z:ooc luh- —-<•+- o
X •< <C <t «J <£ <T <E I— I— O IU i~i i—1 »—< »~< t—i »—1 t-< <|- I— 5u—< t—' ^-- a. c>
t~Qc •••••# 00 (3 OCCO CO 00 CD CO CO CC CD OO OO H(J w>LU—
0-O->--~— -~—-~— < + + + + + + +0O Q< <tt+0
uj olt.clo (loo U!_j ~ llz: xxxixxxx + oc Lua lu— —. •O— ••••••• O O XCJ K \~ I— I— h- h I— I— LO <£ 00< KmhO
LO»-<^-4(Njc\jr<>co>t ciuj « oo<~i 0- cl q. d. d. O- q_ a O lu oj <«—%- o
C£ ••«««•« • <X <t" I- LU UJ UJ UJ LU UJ LU U.( CO X UJ ^OOUjLU
LU • LUUJLUUJHLUIU _J|— • a. < O O O Q O Q O O 00 OO sIOl'WW-j
c_lu__j_j 1—i —1 —t_j j- om ->:- # -> -j; # -y7 ;> # (/) sj-i-zrzrQ. --"-::- «
C-J • ••<••• OOLL <S> LLC*- r-l CM f<"> vt LT> vi; h- CO + LUvf- MUW^OO
a •IIIIIII id • < lu uj uj iu uj lu uj iu o Xr-iLua:-};- •}(•< • oo
aii-hi-M-hi- f- x oo> aoctccuoaoQ-ccLoa.oo.on i— # i-<hi—mo
1-O-Clo.cvc a a_ aiu h < OHC--iOHOHC--<c^OHC;HOO oo<ujqo li m -J
h-O-LUUJUJ LULU LULU LUO a -JCX „J -J -J _J _J _J _J _J 00 0"> 00 „J LOQ II r.\ \UUJODODCOO C< lu X"< LOOtoCooCooCCOCtoOooCooO-"' «-<oor> U-~./)00>luo—ww-^w c o 2:01 ti 1— if 1— ;i 1— 11 i— tf 1— 1* 1— 11 1— ii 1— 11 iic •owwo-
ClCLU v- CC2L 00 OO 00 00 CO 00 00 00 OO 0000 _JI~ Ii *— <r _J
LULLLLLLLLLLU LLLL CD> LL c5 t-t OOOOOOO OoOCO^OOOCOOOOOQOO Q. Q. <L _J I— 00Z LU U_
tOt-it_n-ii-< t-i(~.K-(»~i U-< t-! U I OOOOOOOOC'OOOOOOOOCiOOOOOOOO OOOOVJZ)0^<C>hh
(M ro sf in vo h- co c^ o
00 0000 UUL'L) 00 00
"L85

O 00 •» »» c£ Hlil» HtL
<r < z • co »- <x^ > *oo»
tx s; o>~ »cm uj"vuj- x- »-
<T U.^O h- • X-^Z »-LP -X
+ OKZ U-IA 00 CMOX »X<t"
UJ — 0< *-LL • Civf- CM •>
1 - OUJ>- » *• I- vO »-H- •»-
H — ZWC O II- ZU-S^.. Z- oo
l/) UJ D < UJCCcXZLLiOUJ
o 00 — llcdo: III S OQ21UO
2: < CM LUQ O I— ^MXSt-iMCO^
-i 5: it X •* 3 O^v.om- hDVO
(— O Sl-ji- H-OoO •- Zh- \LiJr-4 «-<LU|— li.
o + <— zoo — ll]i-'Soovxq:(/;u.»
UJ OO LU—4 I— LU< »-i _J00CM» \0-l-" - "-
_j I/) + < SI *— •• Z * " r-!UJ «» *-X
o < •»»— h- an fjumxLLi ».zxx\0
uj 5: tow >-<Q 3: xou-oQ-:- uj-4-co t.
Z cd I— > l— uu » a- »r-« <f Z n. * —
w o-;<- 1—>-o 2: v.k- v. o- - » <
>- "v. LU— OC0< < COUJ VUJl-H ^h-M
CC — Li-*-1 0(X_l UJ "IS II SOHXmLU(-
O LL—' _)LIJQ. «~ h- r-K C_) t--l H- UJ ex:2 < LU00 UJ2:00 — U.Siih- •LLUJ »-<U_LU
ClL1 Q-. OO >UJh- i-h •-—JZLP.OiO')- 1— » z
Hi> O 00< O w «• OLULLO PTOO «-i—
1
OK"O 3 0O5: »-> 00 CDt-i M/1LLO- X"
<OG0 I <d 2:000 !S II- O- O^ «-vO •-
c£uj<r — 5:+ cor - t-H-<oo:E 1— x -x
ooo hh p_) i-hco_i — ooxu-_jCQ<rvo» st
lu «— 000 1— a. »-< ~ cml< ctrza: *z -
> <IZ CD LUO^ <T *• + -i^LL'OLLUJLU- 0«"
co O cm 3: 0< aCZoo •-< o- OO H>-»-<oo —
a:Q •>:- I n: I— Coo •— ctoooiuoouji-'Ol-uj m
luuj •;:- *-« << 1 i.^<. uj cico _jx° cc00 «
Z>00 O — *- Zh£ •• - JO><h- r-UJU.Ct CMOD< t> — >-C> -UJO 00 <(--> XZWO r-<
o c\j< to co • clluQ c x- a-: 1—0:1-- -old- u_ u_
>- »» s»> 20 cm o-juj 00 o "Qouj<h •— r-
i*£h-Z — •>- I O Z O I LL O »• ^^.i., qj_ "v>-x •• >
c:mo ~x r--' o luc-j o: : - a — v. t ••jzwvonx cmOOm HD OO r-l t-i • K-.'r X »-l< r-l m f*~X UJ t-i ~21 "^Q t-H Is- •
SCI- +* to f- cm <}( h- x + d:llct> - COV. » CMJO -"— <T O O"^ CL«— D- h-X •» l-i LLI •.'v I— HHO0- « «" i-t
UJUJUJ —1—
-SI t— UJCM |-i '-< UJ CLt— I— »- D- - 1—01—0 •'CO 00 U.
X>oo »>w < oo* 00+ o UJOZ > . I- c t it-•" "X<r.cf. »•
1— (\j +< + o r- 00 1— ozi t. •-( 11 a<tu_ar>ir\a:_j x
luujv^ouj a (,'j— \~ — t-<-^ z* x u OCl 2:0 «-o 1 enluOI->c uj —•o Xr-< > q ^a:^ x — >-h-u.s:ll cjq.- i— •-
^<(_^«.w< 4. qoO UJ+ -;'r •-< Zl— O X CMOX *-<—'o ccsru- CO
Da: r-i 1Hi- — »0 Zh >--~ t— cooi.'i »< *» OU- <« H-<n:- i-h
ClUJc»: + C0O *-* O—J —' CO*— < -< o'; i-i LPi •--<-( »-X O'.ur, ». •-
s:>Lut-i>o.j ^ «i.u h-> c^w a: i—a: — llxujcox xoiilx x0<r>—»<•}} uj uj> <-:<• iuoo k o< — co o- o -•' r' oo» -4- voO 0>>0 w _J^^ 00 2:0-) LU LULU O hh .vC- UHM(M «•-». r-(
uj + -7 -;:- »h- luoo lu<t z o^)X> o •-1 •• •> •> *• \ *•><- -
OK-LU. CQ O GCC < SI LU 00C0 sO .~- •- XCt^» 1-0- XCOLL -
h-<3E>-«i-<-}t • too i.ur; lu< o. lu cm lo mr-<c>uj Xozro »-oo-->Zhw «m cm 000 1— co 1—w x x »-luco »-ujLUt-<» u_» v».a.i» f-w o «*» a."v.»
Zkh|_>o • II .—I II < II <# IJUO hZZ<t >ODDww—w» wOwk-,-, (— »^wCx wLU 11 Q- lu— „J— Jtn I—-;;- DOo: -'ZZhhKhl-i/)HZhh>-ZI» I-
• •— CD I— II »0 00— >f~( ZOf-i CD • X"-* I— h-<0 UJ»-ii-<<<<t<UJO<tUJ<OH-<l— oo<h-a'wOw< C—w+ 0+ Oil D. II Zl-^ hkhZ: za
1 oo-a:>wct' _j>- m 1 1— —is; 2"x »~<ocr:o mzzi iuo:i-a:i/)oozuo:o
lud >-i<u..O uuwLLw <w << ax aliuoz tfOOOOOO 000000 OXLL'arOl—W<U.>hS >00t-<> OLU OLU OX CX0O3:< SOULLU-LLa." LL LLZ -J CD C£ C Li- to
CM CMP1 CM C\lf\-ixi4-LT\0OOOOOO 00 o
OOiT'.sCOO o o oOOOQhN CO in v0















tO o >-o rMccorONl-cnoocT<rm











LUCC LL) LUt— a-f~-a-i-iLn-j-oo'>4- <\j
LL -J II II to s:h CMCOvOlTi-d-OCMCOmCM
u_ *-or OO r- rvJ c\i -J- —1 •-( in
00 OD^H, 2: CiLL • •#«••••»•
«j-a •i-h »-« LUZ (\J lA in LCl -J" CMO COOO
CT'i-lO'-'LU t0l-<
1 1 1 -<




II II 11 1— UL> * hhLU
ujo a: HO coc\j—<m cm ct-cm-^cthWII-2U CJ <ra: •J- co rom >* 00 lc\31-1 -- KO »-<m-4-r-ivt.—.mr-vj-cn
•-OOiCO </>LL • •»••••!••
02*--'_!< OcnHCMr--rno incMCT








































r-."-^!'-^ rncM in cmco in r-
a)r-iiriotT-ooc>c<i'-nNjr--*

















a:crj rnior- <—<•-' rvjvj-o -"J







< • to 1
> (N.I XLU
IX LL vice
UJ O h-H Cs! ir>
2 r- O
-! # 2 >
CM LU (-<_>
h- 1-.LU
















I/O X CD O «ILU
_l 1- •^ 2 auj
< • C l-LL











_i X C\J <K
UJ to vt oro
> • LULU















r-t r- 1 cm cm r\i r\j f\i rsi i-<—
"
Lno^Oir.omOLr\o
O •-' >-i <v cm1 rn en sf ^ i»i
OOOOOOOOOO















K CM O 0-
LL
H X
to 00 U crh-
_J en IL1 <o






»-• « Z >-
r-H U. HOH >-<UJ
D UJ oto

















to X CO O <UJ
_i 1- O 2 OiLU









O < "-OO LU h-"-
_l X r-< <h-
LU f) \S\ orO
O -C CT cm -C fj- f<• 1 r- <\i cm cj sj-
^ r- p. cm—< v} LO LP. rf Is- t>m
p-toa-r; vAmcor-iu^-j-or-
co




. 1 00 locnj co in cm
• «••••••••«
~<Lr>c>c\iNOOcnr--r-i>*cocM
























































(xi cr.om v<- ci co c -d- ro ^> <M t-i c\| -J- co *$-o cxi co in (\i o>
OOO'-<<Ni(Mrri-d-m<3f~-0PC^O(Mfri^"mcCiCT, O'-, rfl
ror-jrriro^DiriJD-oOf^OvOior.'ojro^vOvOiriOsl-r-i
ffil— xo co cc cioO co vO a cOr-ifnoin-?-<xi\Oinoino
J"OCr-i"r~oorrir~i >—, cr-o^o> '-<>^iri>ovr\r-i'£)r~NOm
it. rv) ot> t\i c^ in -< f--m co NtO ro a?M >co} P" -o r\j cc vt
O^ifirocNjiMrsj^-ir-! | i >-i .-h cm r\i i\j rn >* vj in
I I I l l I I I I
•HffjO(MHH>tN-t^a;hOOCI'Olf>'C^"^0'fflh-
0'co-ii3'<0'0^<j, mC')0 r- oi-4-omcosor~vf (xio>
0'-<<cmr^-rfi>-^i-<(X'moor-<mo-rxiir'.0\CLr\fororo(\j
OfxivJ-r-O^X) rMvOO-JOs ror-rxiv^o»tOT-i-Ocoo
.-<.~<r-icx!rxicfi<T>rrw •i-irnn >o^GOi>00 0"-'~t
>-
&.CD int~ >Ovj-m^inir.r-foCMnomfMOO(xi<OC'cor<~, o
u^_j corovO<-cotriv*r--mooir.^-<rocooccr- coo^h- ho
a o zi »o r-< vO r- in -* corgi.-; i lO^f-runccm
UJ < LUt- • •••••••••••••••«•••*•!
D u_ LL o-TiACP'O' oo f— sr <- h- (<^ v rOr^.-imc-'-'^r'Mt xxi
>- Oh--ti-<coiii( i( ( Jcovfr-<r»-f<"nofnO ccr-t^h vO-0>n/iiMnms3 ^ ^r pir^oicxi(Mfxir-4r-<
O
>- in en































c O COO (X' sj- >o CO C) (XI vj- -0 coo <m -t O COO (XI vO -d" (XIo
piO com rxi c ^" - > ' -Owi
a . > . .'tor- <>in\C>£>r-
©ixi^'>CcDO<xj^mr— (j-i-^rn^MT-ooj^fl^^jMA




co k i-.uj i-(coocococcr . - -| rxi<\jincoo>-.}'^Or--in,-<













































































• 05 sj t/)>-t
O *>nzu
(xi lu>-< lu to o ^(xjro<m»£)r^roL7, 0'-ifMf<istmviD(^coa-o<-<nji<^
OIL r-IH^.-j^^i^^H^lfXIcXKXIfXl
IL
II II II l-LU
LUC)
LOII-JO









































£>co.xc - • •• - --p" >p- cmp-cp cocvmcccr'OO
.XCMCM CMCMCPirPHMCMPvJCMCVJCMPJPviPJx,HH^J-<.—(t—
I
C'mm.^r--ot~-MtAcc^.o(\j^r-^m..r<- | G^i^»t(\iCN r^m<\Jo
(M ooo ro nJ- ro co Cr- -J- pi *£> cm .x cm <• cc •<o CM cc u- cm Cf if\ n ; s -O «i
OP*cc^rxar^Noo.o>OP-cEao^c^in-*ir,r^c^OPJvi-inp'-a'>
OOOx<cMPvip^^u^.OP-a3^OPv!PWinai0-O'-«p''i.a'i.n-op-co
,X .-< ,X^ ,x —I rX CM CM CM CM CNJ CM <\J cm
^•o-c—'-i'C -i. -.-''.-ir^-vt r-iccccvocjpic -t c oot\io~»-<
co
-o- J- co --'m cmO pi —' r- —* rn eno >0 •-<O vOO inOO in -o ro -J- ix
>GcJinr-cococMP.'crvNOor- m^-cMf- cmcmccm- Oct C>0 CX} COp-
J-COO-^'COOP 1 '^ C0p~<ir.c0pjpicr <rOLOO^OOCMircO.-<v!-r- o
•J cCr-<>'^iLr-.v}-ra(Mfsj^-i | i .xcmpmpi -Jrs;-L-\i;\ir.-G >o £!(*-
-« I I I I I t I I I I I I i
co i ' ir-ooo( coMnfMOf^^fr- co *£)(*!
C- O r- —< s if , p- .-i p- c\i co^ om —i t-
h>1h r" oo cxr- coo co r^- u-> xj- rv'oo^-" -j- cc m o -4-0o^ r- cm
• ••••••• •••••> i » .
OPJU"\CCCMOOvf-0> - ' I iOCJOlOMCMT.CMCOLO




ttffl ccor--;. j ir\,xO .< otTirMvO^rr-OCOr- rPOrovOin-j-
u i vj si r-o cc ir ; r . , .
cc i_> 2- I -o cocmctp-iop 0>f>-< >a o-p"ia -o-^mcMOn-op-cj-O'-'NJ-ax'-
uj < l 1 • ••<••••••>•«••»•••>*••••••«
ci ll ll o c
>. or r . -
ix n> Q r- -r -[> it. in -f <- «1m cm i
_J l^> O X«^«r,H^'XMrt^
> <0 CD
u £ t u_
o • r" o
or -< o ii
LL IX s) (SJ .i ^-CMOCOOv! CMOCOCr-'COinp-O-r-'rCllTv
0>-i(M(,Pii^< "ip-OO
r>r-o>>xi>j'>ocoo<M'4"^c Orxinco








U OX OV :i"> 1xC0irii-4Crj.i .-<p-p^c;-jdcmp-pjvOCpoco
• >o cr> a a or x- &; p- r- vo 'i1 in sj- vj- cm

















-?0* •(— 2T «-
C r-'OxU o
»0C .; v/lix oO unzu • _J
cm uj»- uj in cm cfcj tx;CMp"-.>*"irv«ci*-coc; o-xc\jrPi>i-in, vOi-cocN 0'~, c\-,rr>--J"invOp-co
OLL. > • U.'UJ <-< —< —<x^ .X -x ^H r-l kH cm cm cm cm cm cmcm cm cm
u_ i- c t - 1^>
II II II KLL! K- 2 •">
UIQ (_) LU
voxt- < a:





































h o z CflJ
c t o
2 a u LL
i ' 2T

































































o c Z to
or C\J o a.
LL
f- X
to CO u Ocl-
-J in UJ
< • to LUZ
K > (M XLU
O cc LL to or
O LU O i-
ll 1— o to
Z >£> O





X> c LU oto
u o in X O 1^
LL •J- 1- ~i\-
cc • LULL
111 LL <\i H >
a <
CO X o to
o o CO ^
o • Z • O z
_i o *< CM i—
<
o
to r\i 1- *"<
to -« h-K
CM CO to X «* Q <UJ
t-o -J L~ r«- Z CtUJ
• < o • o Kli.
(MO 3 Z —i l_) UJ
1-tO Or LU z
Lueo UJ a: LU
LU 1 II II K ro o.
LL > to r-
00 CC>-H- 1- • z
s}-t> ihZ M K o CJZ
C^^qkhLU u < >-o
• co ** to»—
t
a UJ t->-
o iiozu _i X CO <l-
CM UJ>-i IU to o oru
Du- > « LULU
ll h- o h-to
II II II KLU \- Z w
UJO O UJ
toil- ZfO < X
31-X a —wOO^O S" QQZhj< NH LU
<uju)^)o: to
a_j^cDo















(NJ^.^^1 I I I I I I I ^-Ir-l^-l^-lr-.—Ir-I





r-n-< cm ro ^- ino l^- C>o —' r-> ' . --J in -o r^ o^ cr O 0'' c-oO
r^^^lr-I^^I^I^^H^H^Ir-l^-ICMrM
co^<coc->*--^'<'r^-CMmr-ino?cOf^«J-«OvffMv}-Or^in^-icoa-
o cmc ^<finma,-«r--r-!inrv, a3r--cx)inocicoo>tooococrr~
0-"-!OOrocoujr-u'\0'-<Lr\cMOO—^tiror^i-ivO^troino^o
•-< cj^ l~-om co cmo o- co >fui v* r<-. r. o r> co r- vO in >J- co cm r-<
rOCMCMCMCMCMCMCM-
co>J'00 cmc- vf o^fMCDvt o-nrMc-> .ro^Lnirvmu'iinmtn
^^<JTOcocMCMror-<—(OOo^O'Ojivojr-mu^ <r r-<inm
^j- en c^j r-io ' * '•" ' - <-i u ' < ' c< i ! moo co r>- >o in s- o r-r,o or in cm
cm r- cm r- <M
O
<-<O "I •€' r-. : 'jr-coo- 00-->CM
r^^CMCvJcv,rri>J->?inins0-L(r--l~-c0C0t>0-C>cr'OOOO
rONj-o-^cr^-OcOf-jr-m^^-iincM^r^LncriyOiriinoLnmr^
OT-t ><Jl."L\v. I'l^'l-", OOCO^HOOCMCTCMCM
CMf^-c\;r^cMr^CM;~oj|— CM-O»~<tnosi' co^Hsj-coOrovi-co«-<cM















































it.m ,j- sj- <}- <r ,* co ro^ rsj cnj r\i— <-<^
Ooo -1 tv c\jm <nn o r- co e>o <\jm >j-m cc oo <-<m .t
"•'-'•-<l"*»-»i-*i-IC\HMl\|fM



































































f\(MMU • :- r--a>
a K . ^J? r
-< '-'^ ( ^f""ri^«">^-oor-r-tocoooo-.-.rvjfM
O UJ
2 ^
• • • • • • • • ...,....«.
Jfjosncmoirioinoinoifioirioinoirioinoifio













OU. > , g-jy rH<N"^">-;»' l^-0'~ci-t''0^fNJrOsfir1 vCr-cooo^(\.'r<ivf

























oc \- CO LL HhZ < X O O
H-LU OO UJ
c 1- LU 00
CQt- z >- O-
< UJ CO <L O





u< UJ H- z **• z






X UJ O z UJ •-<
1-00 z <?' w s:
UJ < »— <~ LLI >—
1
CO zOh _l O- z H- 3
h-h- h- G- z •«-" f- 11 C^ O') HH *-«^
ZOi Z OO <t.. K-
<
LU V-
t-<UJ UJ — I— z UJ K- OO h- z w




O Z LL Z LU OO X 00 z
uq; 00 Q u_ LU h- t—
<
< O-) i—i > ;c UJ _
UJC- UJ 00 O LL H- h- -H O Q t—
<
~5 zz 00 LU LL »— 00 I- h- ^-^ D (-C >- LU h-
CQZ 00 a£ OO LU Z z < z > LU OCO LL 00 UJ O w O LU <r 00 LL z CC LUM UJ O < > Oi O O t—
1
t~ s: cs: <L L'J 00ZH 00 s: O h- e; 1--• O LL O > ^>
<o *-v > LL >- a > < LU H O < CO LU
UJ 00 h- 00 00 (- HH H C£ "0 LU O LL a: X) X O
LLOO UJ k-H X 00 -a — 1— •—
1





z 0. y or. <J UJ < z >- CO Z >- > > 51
z\- 00 00 UJ 00 < < a 00 O, LU LL co O Z CO CO DO cc
o< •^ 00 oo <: <: O- O (—1 LU X
HH_1 00 h- < 00 Z LL e; LU LL h- cC LU ai UJ 00
i-x O Z h- So < 1— UJ O LL >- Z O < h- z z z
<o z UJ LU 51 1- O O h- O iX 00
a:_j X «£ 3E h~ UJ O z LU «r_ t—
i
O H LU t/) H-(-< LU O LU »— s: t— X O X _J cc x>
UJO Q_ a: i^ LU LU z -5 r-' x CX-' 1- O ^ LU < >-( ^ ^ ii :*i
z ^ - J -> Cj < O <: _j < Q. ~J cr: K-
(
O LU Q CC a: CC Dl












!-•< w «w- .—
»
»-^
2: or 00 00 OO 00 _- 1- *-. »-. CO «—
<o h- 00 OO 00 < M O — < X20 t—
<
a <r <: < UJ _J O X w 00 O CC V—' 00 —
-
>-a: z X 3 2: SL 2: a: z O LL X «-^ 00 h- o_ <r CO CO 00
























O—— ; cC "v.
*"' hC\S>
^_ —o„j * -
o WHOVV
*~t W">CO




-coooD »- <^j i—< -;;- r-< t-<













oo < — c v.
OCiriCHO >- O •—« C\i r-< v^






5: u. >— (ooor)










D u <: »hsh
D l-H —» »OOV.
t- 2QCOoOoo
*C LU DO\<D




^ 2 CD .-O
5T >-KCO
















































< r—r*-*d" • 2
l-U «<OcG|— ir\v/)^



















































































































II "-" II UJOOI— t~< ||
UJ^. ^ Zjhm< »-.
ZJ w\ || <HG-c-'i-'l~hC«uonxxi+ <^<f_ ujcM<tJzaoo-NUJiii lu^o'z: uj















































































SLU X 0*- _j_j











_J i—t^-' UJ< 2:0 XX
w- uj<r *•< 51a:— > \ -
< ID T-1UJ OttrH r\i + -J_J
UJ H-C? ll a: _J^S- II _J 00
oruj UJ *-<<. LU OQ.JwOuj >>
<z> UJ II O > II O >o 002 H-LU G>~2 _i>OUZ II »•
i-»^ OS Cww i^CI! in II *-* ah-
21- ao CO— h- (_>>_Jrn~iH- 02
»-<2 21
-J —12* UJLLO 02 <X>~<
0:0 CO coo xoo>o cca:




















UJ 00 00 2
t-« 2 O2 O >-H t—
4
<r < h-
X Qi 2: 2: OO < UJOO LU
_J _J a: 00 OO
O O • LU <2 tCO cc, 00 s: O
<r^ixuj 00 h-D^I 00 < <
00 -•'OO < £! UJ UJ 2
00 1— „J <ro (X C
<r.O<UJ < < i—)
siuj or s: h--J h-
00 a. a: ua X O02 <00 < LU
LUC UJ u. a t-* s: 00
Ol— U-UJ ro >: a
< _JCQ a:# 1—1 rv s: ^~.JZ< O -:;- LU UJ t—
1
a C ' X 00 110 K-X H f^ 1
l/5>—< < <: <(_ LL LL H-
<
>-t|— LUX 00 a: <r Sp**002 C£-J> 002: <S> OO
LUO< UJ»-- QiO UJ 00 O';
»-00 UJ O * z>at. s: < <r
00 Co: 2m uu. < 2 :
oo?:2< DS 00 < <
<C»-i < • 02 1SC^X O0 xf" a UJ ^-. 2 <—
•
u-0<t <-' 7't-< X 2 »-H K-l
5: u_# OH 1- •-» —
»
UJ00>- 00 ^rj CO0^-» UJ 00Q00C02 IS H-OQ 00 00z ('; 00
o< 1 ^r-SCJJ <>-. 2 1—!<!"—» zoz<t
<?_"UJX >(N 11 C£<X >—
i
t.- ;co < • •
1- 3 O <\M«~ <£H < 2<C0 ION<
UJQ< • II r~* o-r<: 2 II II < II II II
h-LUSt- O mU.1 1 UJ r > uu 111 t-i—«: UJ -- y~4 r~~
<Uh-i.2 II O^-1 OOOO a: HH<[3> UJt-H t—
_I<X< -J 0<«~, 2 c>~ ^. H—
»
o*-*
O-iOK O -OCloo LUCm 00 LT\00|~ »-H Dl/i 000
OQ-DiOO > + <Sr 00 UZh 00 vi-ooz:H a oolooo
_)</") 0_2 'SL 2 lu< 2 < <r>-^2 5Z< <
<>-<CXO 11 olus: wwc jr OSIciO .
oo<o 00^O00< 00—n_J < a<ao 0000
C OO in
<f" <T














































































































































































































































































































































•"*—- Si # X
CM CO C£ «t »-
i!
:
CO o s: co
>—
' + UJ IS 3: 2:3:
COOo <«c02Z »- -J XO »•
OOh-' h- < Owf-
00 II K ~^y X> •:; 11 z
cc^ »—
(


















X O0 00 O \-
00 00 0000 < z:
3; «~ »- u_ UJ
00mm DL 5: 00
_i 2 xoo UJ UJ z:
_j <r I— cm cm h Ql













1- h- Hcnjcm <t X c:
cx i—1 OOOOOO <















000000 LL. U_ z:
H h- O O0O0 O UJ
< *rl O •» •» >- a:
a: UJ •a ZOO > l-
1- a: Q <; ,..-> ,_: O GC 00
UJ UJ I£ 0000 C£ UJ2 u. CO 000000 UJ z: cr: u\
UJ u_ e^ UJ c~ »- z* UJ < mm oG
O- 1—
1
h- »—'mm UJ UJ *o V.,-4
3." HOO • _j X *-xOO — 00
1JJ *• I-4O0 0O _J CM < 00 *~00 o<^
K Z: Ooooo < "V 1—4 m + r-< +
X> zzz < c «- •< zr CM i- LL om OO «
a " z: Zff. JOG »—< tt z O 00 • 00r~l
5: zry z: Uu>:> * LU m oo-;:- 1 *O .•- z— > ~.~ t—
1
O f- UJ • 1 CM moo0— 0 —OO Oi > O Ol "V ouj C ) LU
>~<0 UJOCO -H. cx m HD. na
O Oir\O 11 cm IOfiilA OOO -J O t/JO 00a
1- i-o<\j -dcnj H---UMCM Lb^OO UJ 00 000 00 _J 00 _J
(M »- t»- CVJ •» •> hh<r l~X 00 • -^00 «— 00
*_ UJ *-s0 OO z: •-jjvc <3 <o UJ II O II 1 11 I
< _Jtn •—* O— »-<in— -J II CO _i-}(- h- 1-1 II CM 1! CO II







_i 11 y <DZ cz DZ
C£ ujujq: oa ujujc^o: <xz —> <T CX a li—
1
_J>~< -J"-"
Q- co a: 3t Q"JS odCtlSIs: OCOLD ULU 00 CO OO CO 00 CO
































































































































































































































































































































































































































































_j _j ^j i , j
^pc/>CtOCcoCcoOooCoooooo
~



















































































































1-1 f\i ro sj- m \o r*- co O
00 .XO0000-) 1_
•4-1— 2 2r:a<^- »h-
LLU;- j-.^o';X t—. uj or -;:• -;<- <i « 00 o'
H-ft h-<HI—
-cvOco




I! O •0»-<ooO«-' +
oooo_ji— 11 <— <r_j ,_
aCL<l„J|- COrrLULLw

































K cm -j- <
UiU!\ouj
ujox—>ar|-<|——w<










' IX wuj n
•-•Ol- 11 »o
I— a'ooo»—<<I





































































































































o 00 (^>U 00000 o u<^> 00
198

ii Z.^ LUVLU- X- «.£r^ isz ^
-x

























































X 2 1—1 —1 00 q:
Oir,» KOV.O
"£ - OJr-H •<LUf-LL
» V.C'1- » « »•
••» r-!LU *. »-X
«- XUJ ^ZXXM)
* •-» oar- LUstco -





i-cn .^ l_ "-^ 2</> - ,-H
••COULO- X-
•" o*—< ***o *
l/)£ (-X ^x
~-^ + <- r>u-ujuj- o-
E"? £ 2,^-J UJI/HJJ.-.OI-LU (O
2|- . UJV-00 -JX- Q^UO .
mi 10 ,^ " " >-<i— t-ujujor f\i
^o £ ^^ 'r^i-'ouj- U. LL
,,
" ^ —' OULKCrH ^- r-
£_,g t ™ 0^ ^>X - *
X J-l ^ " U -J^WSONX rj
h- X x * "-ajMZ^OHN
a kih + ,^^- ^'> L O- qdv. . (>,,
UJ nuv ^* ^ f"HW. . . ^1
S: "* 2u. (\)OOMZx<ai
2 iu^" J" M *>" •^ LL n3m^.j x
a- u_^
^ in
-i«-uj c-x KDuja ». .^
h o< ^ ^i' oiix xoxu-x x



























K <lu coin<\io> -0<MO>\OmO-.Omor->$-
o >-l_> ofM^irir-a-otM-J-^or-cr—<fsj^-
O da: mos m-«r-r^O'-C<Njco>rof-rooN
























10 I I I I I I I I I I
O
<
2T O <!a mr-o^—romvocoonj.-io (mcMO*
rstr^cvicorocoroco^C^in.—icoinrH
...«s..«c»«.c..






UJ_I 0~ u~W5r-C^-/'>cn<\lo,lO f\l'-l <"n>'1
a O Z| infr-,inc\j'X\ir. CMaxN-ocfvmc; o
UJ <£ UJH- .«......«.....
O u- a. mr-o—i.~<i'-0"0ocr*t>4)>''|i'£>v0
Z Cf >- O r-irMr<"T^<M --jo Ov o •*'-< co >tO (Mr\.fSJ(NJf\J<\irj(\J^-4r-<r
D
>- O CD



































X -Oci'ON jN)cOi\<"CO (Tvjrvj'co
«»— ^-j-j-cot-iNf r-o-v-i^o<"curoco!M
UJ <\j */>o <n 0- f 1 co <\i vO —< in a> -* co ro
XUJ r-< r-f rH <\| CMM fO <f <f <> IT, in .£>
u. too:





co o uj lj^> (\jcrc, <rmo—<o>cor--^'cr —<r--
X> O J- X O -^ COCTO'-;'-'—^OOQ^xO'OOrricOO . %*• H _il— . . . • • « <
lull <hvjinmirMriinv}"-j-vi Nj-fiocsio





00- « >: c o z
X> » in >-« <M >— ojo I— >-* momomomomomomom
oo 00 >-< t-i— O'-i—iiNfJoifi-r •^mmsO-oi-r-
rM 00 x 0"* O <uj ...............
h- II _J (- m z KLU OOOOOOOOOOOOOOO
• < O . O h-li.
<\!l- ID Z .-* o uj
to z o uj z
CO LU UJ cc UJ
—1 1( •— t~ —
'
a
o >• w >o
COCO>-kh h- • Z
•* .l-U. m OCO QZ
o^^^il <.; < .-,0
«>ooouj o uj i— >->
omzro _j x o <k
ujo lu 00 ro oco F-<cMfO'4- in«or-oDON 0'-iCNJco^- >f»O > • LULU HHcHHf-<H
t- O KOO






























-" C> O' C r—
-J
- O iAO ro O CO C r-t f-i <\j CM .-i —<o r~-
vO^-J-J-s*^-~i-rarorMr-<ocr, c^coh-som4T\j^-<







f0 I I I I I I I I I I I I j I I I I r-lr-l





o- a: h-o H(fi^<o(tc, i^i<Mn>om(n^r'Oh-(soooH



























O • z 00
a (M o a
LL
h- X
OO a o no-
_l CO LU <c
< • OO a:z
> CM XLU
I- cc: LL, 00 QC
o Ul O K
o H- 00 00








CO O LU ooo









</)C o ro Z
cso- t 2 9 o Z
=> • o »-i I—* |M a
-JO r-A H hH
00 oo 1—4 hH
CM OO X ^ Q <LU
r- a _l \~ o Z k:lu
< o • a l-LL
cmk r> Z <-< o UJ
00 z o LU •z





u >- oo IA
coco>«-< H- • z
^ «H-LL t-* or o oz
0- .-(•- ll <_; < »-o
• vOOOLU o UJ !--<OiAZO _j X >o <Il—
LUO LU 00 m a:o
a > • UJLU
^- o t-00










•~i r-< c\j cm ro ~j- >f ums\ w . ^o-c -o >o r^ r- h- 1^- co
^-lcoc^c^^tr--rv| ^^-}'OLn^!Or^lO-<OlAO^•o^l,'
Hi^nFOfiOciN-J Of —i r^j cr ^j- cv -f
CT r-j -< -d- c -0 <f co h- cnj c^ a; 'J- •} t~ cc r^
-J- c r\: --<
•J-iala-^o .—iff <ic*iO-Oc\j^-r«tcorncor<"ir~fNj-40
r-r-r^^-r-h-vo<o^>OL'MA<rv*nroc\ | (M^-i^-<
(\! vOo -4- CU rv -OO -t CO sD CDO 00 n}- %C. COO CM -1
C
C f- • -C * CM -- 1 C c: .0 <f rr fv. '.V r-l cjj CT' 03 CI.' p- vD sL'
Lr^r-0"-l '''. , 01 O^l-fi
CMr-(\jcon"i C i "iinecoro-ocCi-jfrnOi-i
r-i ^-< c-j rv fi ro .j nJ- lo ia ia jj soOo f~ f^ r- co
vCr-MOiArMp-o—<f~voir,cop-i- omr~
vO co r~ Ci vj to rj iA <i o rom .-I lti -r.' cm ro r- ro< ia
CMrMCMrvj^-;O0 ls-lAfOO!s-^'0>00>Jr-»-<lAr->0



















































>Oc\j(\ie\j~<O0' cor- -£>-4-rO(\i00or--mrO'HOCO^vf 1-i
co in rv a* -£ <\i cr- •£> f<iO >D f,o r~- vJ-O» -J" —'w >i- r-i co in





rof\itninor-coo, 0'-, iVfnfr>rn 'J"'i"mir.oof— coo^C
CT I I I I I I I HrtH-lr<H^HHHrt,HHHHN







cl e v£) r^ coo t-i ro -.tin r~- co f\j r^- m cr <fo^o—<(^rncoin^-ir~-
2; O C f^tf r^—^s^r~O^n^o0•^^coo•--<^•"1 ^n>0coc^•--^eo(\J.oo••
O»^-ln<-^\lOC^^~cnf<>^\lr^.-^oGco^^>OLnlf^c^ooo
o rAr-icrr-mrr-o^o o-< o J"irc\jmct-for--^-iin^i^-iocr2 i-t 1-irsirA^ininyOr-cocococr'Crcr'00>-i'--', rxjrri^->J






uj uj_i cot-i^>r~r"i>Cfv-f-i^Is-'-, '4"CCcc'a.isr co in cr- .3- CMn in h-
cc o 21 oxi-<fnoor-ocMACMM(sjm<\j«j-^-i-*<Mr-oor-i~tT-if-r-i
UJ < UJt— • ••••••••••• ..«..«
O U. U- oo^rsirocor-a --.re il vC m-. :- - o i\j -0 1— *o ro oc\ji-«m
2r 01 >- m^-mo'in.-1 -0^-1 in co—<-r sr o:-o rvm <r ir> -o >o -cm ro
1-1 HD O vD-/.ivomminvi-^-cofM(\ir-ic>(M7l cor-'JOm-4 ronjr-j
_J CI O i-li- ' *-' < l-i-l.-<-li-IH
>- (-- CO
o 5:0 a






















































-? ro o . . 0- *r cc in; i- —1 c o -4" -i co c\j •£
r<i—<cc ~ o-*r~'-'Lnfy(\jv£)o^o |nrr, cm
r-ir-jrvirfivd-^ino^f*- 000,000" 0O00--< '-<fMm»3"






co lu (ji-o co r\jm r-j -o cc r^ cv . ( i-'ccoe-jcocoi—WvCO
O co x D r-r^<CLncT-HCM~-^ •-| co-4-c>-0'-'i^r-i<i>cri CM^vr.-|O
(t^rrirororOfOt\i(Nifv.| t>J^«r-i>--<ooci> o> cor ,-h->Oif\«j- c\j





r> •jO " h - unoi.r>omoinoinoinomou^oinOLnomo!no
to 0 - HH O—<—Tsicv •i^r- '~KCOCO>OOH^inj
CM CO D <IUJ #•••••#••••••••*••••••••











luo lu i/i in a:o •-i(\irn>J"irvor^coc>0'-injm^m >or~-cocT'0—'tNjm-t












































O £~ ^mrr')!t'f^ aocNJ^^ in O^Cf-0-1fsJ4co^Loco (sj
00 LL






















o • Z co
CC ~< o a.
LL
1-
oo La u DCK











u. Z in Q
o










err LL f-< l~ ^>
LU
_l <a «5
X O 00MO O o z
aOf/ • z • zD • o *-* fi oJO CM i-00 00 t_l„
<\l CO x m o <ILU
r- ii
-J 1- >* z OCLU
• < CO , o l-U.(Ml— => z -< o UJ00 2 cv LU z
LUCD lij UJ o:











-J X cLUOQ UJ> OO >o• CtOLULU










-^o,^Ln >Cr-oocrco-i-.fvjf\jmrn^^ LOLf;3i r^ c)3S
r-<^ ,_, ^| ,.,^ ,_, _, p_.^^^ _,^_,^ __,
S ?, 5V^ •>'^ ^ " N^ ^^ ^' '"" ^O r- -"o r- r- -t H >o a co <(-o
LqoLOo^o^o^o^oiroinoirOLno^oinoLnoir,
OOOOOOOOOOOOOOOOOOO-ih-h.-hh^,-!















































































I I I I I | I
cjsJ-OsOiOcMnrvoDsi-c













































co in rsi cr «o (\j crO <\>
-J- in r- o o
• «••••
in vj- 0- >t r- in c;>
oicvoj.j-csjr- cr
• <•••«<
"^o—i ro in r~ o~
fr
> I I I I i









































































































-< r- h~mm o-o -j' vo co ro ,^~ -<n




> • «• « • . . , ,
*-* "*





-< fM t\j rs, c\; o-im ro o
,
fv (\j (M -i r-i
JQOmomomomoif -O -<^ r\j fvj f^ ro x- ... ^ in ^ ^^
OOOOOOOOOOOOOO





















co r- u •
~J CO UJ
^1 r IS) ujz> p-< 3 1










O UJ i- UJocoO 0"l X c -v
LL ^-l t- -JI-
4 LULL
LL t-4 K- Z>
—1 <
<
X .-( COo «*
•
m
z • b ^
















































<M ("- ol co rn cr^ ^5"
\0 00^((4l>£) 03>-4
—i o"i >tm vo co



















































CT-O co ro f^ cm r-- ^- in ,-4 (\j co O-in en r- rri
-ao vt eg roo ro ^- f-
o
~<OOOo co o «ro so c\J r- ~* •£>o -1- co cm in o .-< ro vj- in ^- cm on
,?•••••••••••••••••••••»••«
^u^ninin^-j-^-^cnrnCMCNj-^oO^Ocor-r-vOU^cncMO
~^£;?™2:^^ ^^°^*or-^^co -racoon cm coinO cnj <£ in f- c-O r\! vj- >0 r~o -< cm «t -O r-C r-< cm ,* -o r- n-_ cm vj-
Oo -i cm cm en
-J- vi- in in o r- r- co ooOoO -< (M cm en rn -^m on vo
^°^ J2 2? OT^"" -*m° tt'^ •* -1 lf* -O^ f- cm^ rvi -CO r-> in
inorr,<NCOL^^r-rvjcC(\j^r-(^^M inr-o^r^sO<rm^cOsn^
^^ooo^c\jrMf<i^-t^^^inininininsO-or^coc/a'or^
O UJ 2 I •« I I I I I I I YT hSh
i-
<
z: ^ tii ^^^'^o^o-ncoMiD^c-^oiAOvOHQinvoo rMtnccOwr^in<>eoc>Of\Jrrirvjr-mco^oin"SrsiSSoStnr-fj>
oo»J-o«0(N)oo*^if>-roco^^ieorMocrrnoomfMOr~>l-rHeo
^ ^'^cr^^^rnf-o-tvOcocotNJm-J-vcr-c-r.covtcT-in^^
yj -*'_, '-, tMrvJfr>f,'icnrriro^--<f^^-sj-^v3-min<ovOr^coco
I-
< UJ
CM r-< com (nj co ro ^i;n it o co -h f>
-J- un cm in —. ,-<m r- ~-< r- cmo cr-
r >C0n* r-r\j<y-<o* >oc<icocM>j oorZcr
cMo-oin^-corou-Ncoo^'
' ^i^ocovCoincoco^-r-




O • 2 V)
£ ^ o o.
<» >JO -O CM CO vfOO CM CO
-J OvC(N.'CO-J-o-Or\J%OCCOCM'<}-OCO
f
- -ciooocm i r-incMor-^f-tco
i >m >oo>rMmcor\ir^rMvOi
^mco cMin a- rvl in e cm in or- co ^csjo-m oc^.h vCfMh- co
r-i ^-i ^i cm c\
j
rvj ro ,vi (
.-i c>i ot <f- vf











s: CO LLo . oo




U) 0~ U G<H
-I r»- UJ <o
«r • 00 UJ2
1-
> r-l '
q: Ii. 00 cco ri o h-o y- «t iSt









z> o ^ X OS










oc e 2 . o 2
z> . O »-4 o oJO r-H 1-
OO O-) h~* l-V-
CM 00 u_ f-< o <LL
r- ii _l H r- 2 CLUJ
» < O . O h-LLIMI- 3 2 o o L1J00 2 O UJ 2CO UJ UJ o: LU
-J II •-< \- en 0_u >- 00 en
cooo>-t-< \-










U)l_) UJ. oo CM auo > • LULU
H ii •- f- 2 o K-00
UJ (_> LL'001—2 < 5:
r>r 0.
"OiiO 2: oQ»-i-J< M UJ< u.1 r? ct ooOiXOOQ
^>AKCM"lAivCNOO
cm co en «t, cm cm1 r-io a- r- >o ^- cmo co -o -j- -h co in cm cc r>-i r-o r-i in




















































C^0s t-it-(C0C\.-J">J"'--'^C<'it\lOC0«S CT' <}• t— o --1 —
*
croo —< cro vr 00 <\jcmn .-< 1-- cm co ro <o c\ r-
(\jro<f-of-a<0'-'r<i-i-iriNOvor-r^raooc^ooo
O | I I I i i-lM^rtr^iHW-(—li—<—<.—(CM (M1M






a tv OOOO crcr- o-cro?a>cocT-0'0'-<^-<(\i(Nif<->roo
s o: h-—11/' cr r^^O^fcorvjir.i^-c^tMvf vorooc\j~i-fn
oos cor-(--vOvPiTi<rvi-cro—<ro^-mvocoao'-<
Q 4">4">4'>i-'d «*"<'<$•<? -fr'-Hr- (\Jf- CM f- <M f- (\)00 ""IZ ^-<cMol>i'in>oi^ cx)aN oO'-!'-'CMfMr>"i(^ vi'~J in









UJ ui_i C*f"-vt \0>jOC>r~^r-irmc ^.'rjr-iC-r-r^.CMO-C
a: U 2: I ^-nA-^-ooos cor-fv-(7'if,vOcncooOCO^^r~jooj
uj <
D u, u. COCX , . ^rf, co—iot."occc:no-r






u- >-• r\;>00-toocM -ocxf-cc cc-i-OvOCMooNt o^cn; -J-








































































< • co luz ^«j-rorifMCM>-'rHr c r- c-:,- r-.i:- •-! -.o .--< <o ri .$





>-. i- k iuj >-<or o^rvj^^-J'OcMr-crr-^vO^c— c50LTicrr>j
co o j oco ooocriri-t:.^ •.' cm—(in-tMjO-j-r-ifM-o
Z) O O -^ f-;^L^. ^cvor-v3-»-<h CMCCcnr-—1<( r~-coccm>o
o u. CM




_lO t i \ *— inoiAOinoiAoiAO^oicOicioinoinoiri
co co M Kt- o t-i t-< cmcm cm ro ^ »3-lt. en >o<"r~r- co a" a-COO
CM






COCO>H-. I . 2




UJO • O OrTCJ .-(CMfTi-J-m^r-- coo-o—•fMcr<«*'ir\>0r>-000MO»



















































1 I II I I I I I I























• < o #












































































































































x0 in in. ip, if i/i „"-, ir j- sf
-J- .4- ro <f. (•>" r<i (\j(\i <\j r\j f-i —i i-i i-h








I I I I I I I I I I I I I I t I I I I I I I I I I
t- 1-1 irom r-—nn a ro vj-o <C <^- cr-m -j ccj-o ccT- r- o xO in -r <f





ll u. M(Mt\ ! - - -~ ;.-,;- ,~ 1 -; - jcb1^ cor-in.cci, «,iO-r- -ot~
cx >- 01 cr -J" co —1 xt m >o ^ 'n-j-ojot -jj-J— oc ii.mc < oi.-<cciOxtr\i
ID Q oca'-f-r-xCin^-mcvir-ioo r-«oi-'>-<- cvj>-'aajf^ •oi^ror^r-i
OO <\| (\l <M njfvl <\l (\UM r\J r Jf'.'INJ--<i-ti-ir-ii-i»-l^-<—
1
>- m ca
O • : - 00




m in vo o r- r- to to r c :-'.' i .. -n run fo co <\i
r-K\;('''.sfirivCr-crc^O'-'i-,—"sJ!N'o"iroco^>i-»d--j<}-vfvrv3-«j
1—<l-l.-4r-'.—(r--<f—il-^ 1—l-H 1—1 1-4 1-4 I—<rtr-(l-lH




t— r~i in a- Ovj <" <f <\i -4-O co 00 in am -1 -d- cco —>—< r- CP c <O U-J 01/1 rsjo-J/ir vio—!0'-nr~-inrsjr--oOQ. r<W 1-10 0" i^irisOo- rococo























'. O C' O JL00 • ^ • O ZT3 • w iH »—
<
O
_>o CNJ 1- 1—
i
1/5 00 i-i Kl-
(NJ O0 I O <UJ
f- II -J h- CT 2 aruj
• < • O H-LL
(Ml- 3 ^ O O UJ
00 2: O LU 2!
CT' UJ LU o; UJ
-III 1- t- O a
O >- 00 O
CCCO-i— h- t z
^J- «h-LL ^-< or: —( oz
Oi-"—LL i_> < •-0
• O00LU O UJ J-"-"Oinzo _l -r «1 <l-
UJO "Uj 00 0- aoQ > • LULLI
h- O Hoo






n— _j< *—* UJ
<JUJZ)a: 00
c:3cf.Q
















































OOrHrgrvjm^'J^ ' * • •J • • • • • •^ivifv,m **,n,nor^Vce'ecVoo~N






, . ,™W A'Ct0n,f0 ^^O







3 h ;| |HSHs^«gSSSs
">o o
X 5 £






< £ ^ 6 £E OOCOOOOOOOOOOOOOOOOh'
i/i m
^~—u_ o < ° °2
tNG</1LU h-(T
O1A20
_J T _ »~~wo Lu £ £ <•-
> • £^ HM,n* l(, < . Na)0l0iH!V|m+miONa)






























^iiAifiminin^'^ ^ni^^NHHOCf ao r~ in .j- pi —<
COmrMCTvO(MO'OrOO-Or<s Oli-^OI~-<"'~'<X)-3-r-lCD
oiNi>d-inr~-r^o(Ni<r*cr- o—'tv4-or-0''-<!M-J-^or--
















r^ ^1 (M<)- 1~-O <l' O ^ cm u" . .o a: o CO en lt. »t r-i co -OO
C^<rM^-OiriOfri>cr~mccoioof^>J"Cr(ri>OvO>}-0'




I I I I I I I I I I I I I I I
—1^-<—1^-<—
<
I I I I I
rt>Jh c>(NJU"r-C5r<'iLncr-os '-'fri^-Ocoo'-'rou^cT'm
00





<^-^l^^^r--0^^0 -'J"C,N inc"", O'-'^inji^ivicn/loctn



























£ PI LLO • 7. 1/1
a: fN O 0.
u_ fr-*
t~ X
to O- O 1
_i O UJ <e>










O UJ OCOO IA X On
LL O t- -jh-
• LULL
(N) l> -.0 r- f- C> - 5O -< 0-n roo inj in sj- n}- en co <j cnj —< O-
\0 vf >t Oco p> ,-* H ino >f >G in cr p^ cco >0 <J" i-<co injH
•4-r-t-iroir a (njnO—<H-oc7 ^o^f-romsO-c^r-oo
P< , 5T*!!' trr^-'-'n'iC'o-ir-im^f sO -0 a, £ r- r~ •£•
in in in in in .4 pi inj f~> o • r- vj- •-< f- P . cr.<sj co inj >o 0' •— inj
t— r- r— f» r— r~ Is- r- t»-«0 -C *o >0m in -j ^-piimcni'-I'—1
(M>0O • '<tcorsj jjO-J"CC(NjvOO-^coorj>3-o
3CO<OtTifrir\JOCDCOOCNi
inu •:- 1*- co ©fsjp-imr-c>" -*pw-J"p*1'-<
h-jsoi 1 fNicor-icom copier -j-c^oor-j^l
r-<rH.-^^rNlCNl!NJP^PW4'mmvO-o^-^--coO'-,
cnjoct H-n-c-ns-c ou -jatNjoa.crNi^tv.o-OtN'Picr
f- --(INJ INJO O r\l <nj .-' sf >x J- r\j in Otr cotNim^e sfr
(MPipAfOmi , r <.•—<© c- r-m p".-Jco-t'-'vo-^Lf.r-vOi"-



























































































































































a <TUJ2 CL'UJU hi).
i_> UJ




C0CD>--. Li ' *
^~~ U. U 2 U2
•OC0UJ O n, I^O













































i 7777777?7'77l7 :N' cv"v<xl(VJ,NjrsjtNHNirxJ <M1
'
' ' ' ' ' 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1
r*
rr,,50COrvJ<M^0--'t«rr,j-^-mir\«0<0l^f^f«.4-tf































































So •^"'; , ^ 1>j s^";^ >t' r- (NJ-| oc>ccr-oir.^rrHNJf0r0^ N
u.
















'Ovouj o lu 72
luo ri £ S- 3,7
> . £ui -NKl*in«0MB0>O-WWOM0e.OHNfl+in^












































































































































































































































































































































































































































































































































Q »—i o >-
LU t~ LU Q
o u o O
a: LU or CD
LU 00 LU
^T y LL
or. LU CO O
r> O Z>
oo cc oo >
LU o
> 51 >- a:
CO co co Lb
3 Z
LL" oo LU LU
.£ 2T
o O o oQ K o l—l
t-
ii l*i ^ LLI
<X C£ or 2
o O D »—
i






CO oo Z> *«,*














































<r too loo «




































































2 LL #O OS O
LU f~i ^v
< to ooa cnj
h-Z> Z)— u
<fu i—
't— r— ^j- 6O OO.r< • «r-ir-rj c
h- *<0'(\ir-- ii 6i—iro
t~-O cm a: ooo co h- lt\ oo vj •





























































































<•- II II II II oc
OLL>-^-(vJ^:<

































_l i—l •<wZOO .-UJ<
<U-U.f-tQrUJ
IK a:









































































> II o >x>
-J>Oo2
*iC |l LH II t-<0>JMJh





































































































































> + vj" 00












































































































<t • . 1/ co «-<r COION<^ *• <c\j:>: <U II ll II < CO 21 11 51
LU «— Hf




h- cxeomeozi— <tn<j- 2c
*>'
o-<z 5* 2l t~<O O^crzcxo D OCO OCX
























































i~z; . « c
—
O'-'O'-hO'--*




















6 e a: LU^~Z (\J C\J UJ CO»-<
< V ^. H- w
> «~« -— u. OCD
O CM r>j <l LUOD !r # Oto
CD *
. 2: CXCDX OX r J uj3
> Q Hfj i—
<
; +







z >-'<—( CO— CO«. 1—1
<T »-* < t—
<
UJ—
UJ CD LULU LU— 1LCO
aS OCX Deo HD
^ <» GC< ZD CO
(X
•tf O LU-K- •—•?;- lls:
<r «z s:< (~C> OD
OSJCM » cos: *rl * CO
* E II CM D27 OCNJ ^ li
UJ o<i— II eo< O II CX—





_J II II CCO 1- II (-— CDD <-~DO <— en _JDO sir~<eoi— •- I i^D <co
.
J 2:— s~ ex— can !-:•-
<t <CCDO Oc^) OCD ODO OJ2COO :a 3:3. l-co


























































Q cooa .St.y IDLL ^ O
"*















































































: l — k-

























UUUUUL o uoc <J)1.)LJU <_k
00 OOX <TvJ-







UJ mm UiX 00 00
00 00 00 0-7 <
»^ o> ij_O i/iinu-. 0;
_i 2: Xr LU










h- h- 1- CM (\i <f
C. -< 00 00 00
LL!
O L.JO L/yO-) a
.-J <i ir. ir-,2 LU LUc. CDO > IHH
—1 00 0000 LL1- 1- 00 to O
<C s? 1- ^
or LU *» >-\~ Ci Q <f r-IH CJ?
UJ LU :s 0000 nr
*;'' a. CO 0OO0O0 LU
LU LL v. I! 1 »* «- 2*
a t~i H •-•iXMr. LUQ 2 !-(.,
LU * h-iOOOO
.J
h~ 2: 5; CJO'JOO <
r> Z2Z —
1
*• f 2Q. 2ZZ 2?Q JCO —1
s: z-z: 2: LU>> CD





-"'O OO n^o II CM lOroin OK l-0(\j
-3C\j H-t-nrvjOsj ais
C\i •- «* CM •- »• (_!_
2T LU -«£) OvO 2' »«v0s0 <C3:< ^JLO««- 0— t-HLf\ *--«»»
~J II
or CD—
-LU C UJ — LULU X»oo





or llilucy: Oa: uJLucrcv: <s:a CDcf2 Oj- aras2 c_>co















2: z X O
< UJ \-
K X











(•- mZ H- 00
z; O »—
1
LU 00 Z'-' z a-
2: 00 >- >->H LU <3.
UJ z < < f£ O.
a: o '£. O-l H 5"
o 1—
1
_J LUO o-) O











X a: h~< 5:0 Ui 00
u < X <





(^ h- LL- Z 1—
<
O




H r-LL. X o->




c£ oo O-UJO LU O
UJ ir\ m m i- <q:o O 2
•z. ex: IT. LT.O LOO mo m mo <r LUh-U- f—i
UJ < min •o • r-l • C\J »C\J •O •m Xoo UJ
UJ •O •*^r-l "^00 "^00 V.00 "•vfO •^OT l- O0 LU X O
—1 X M/l *— 00 — 00 — 00 ~»oo —oo — OO z cx'ct: h- K X
< 00 — 00 000 ITi + o + m -:• O00 m 4- LU lu«j:<"C f-
t—> in-J- <-<< om CVO am ro + om - I-LLIO LU X cx.
h~ U- Om oo • r~t » 00 • CM « oo • m « t—* Z>2 >/ 1— • LU2 o 00 o 00r-! 00 r-l OOCNJ 00 CM OOOO 00 (V> O O O. IS) 00 < 0. CM O
LU LP, CO-* 1 }{• 00 )'- 1 •!!• OO.v. 1 * 00-;'r LU O^ r- UJrH
h- UJ « 1 cm L^ro 1 -4" mm 1 vO mh- 1 co O0 rHOLUcc: O^I- cx:
l a. *v ouj O LLJ CJL'J OLU OUJ Ouj •-OXUJ LU > X LU
ex. o in HO. <-<a. c\ia C\fO- mo. roo. <tcx. U. h h-a. CO 1 LLih- 0-
-j O ood 000 ooo ooo ooo ooo ooo O I! O OXX xc O
UJ 00 ooo 00 _J oo_j 00 -J O0„J oo_i 00 .J o-'..i t-<K-|" O'; Ol-O H-LU ct
h-x 00 « «—O0 •--00 "«-*O0 —» oo — oo »-00 wOO >-o Q. .1* O O-
<Q UJ II O II 1 II 1 II 1 II 1 II 1 II 1 li 1 H- K ZIZ LUU- 1—
1
1- II
_J# \~ rH II C\J II (^ II <J- II m ii vO |l Is- II co ii hOOOHD xo II cc*-* h-
Ot- o LU.-H lucnj IJJCO UJ-vt LUsO LUh- LUC0 11 <.".>-< Y~ X P'ji OU2 a. O-H- a-H- Q_h- D.I- cu» ai- CVH Q-(— 0-~C\Jh-LUCL ZI 1— >l- LU
-J II r*" OZ oz OZ oz C?^ OZ OZ OZ _Jr-4 OK cfoo. za -J







UJ«-aujuo Oh-h UJ OUJ UJ
OUJ o 00 CQ 00 CD 00 CO 00 CO oocn t';f. . O0CD 00 CO >>O00 5ih- LLh-
O
00 OO
00 uuuu o o o o o o o 000 {^>(^>UiJ>^<J> <.J<^> <J><J>
218












uj Q ^ °°
. _ O OUI <r
~r Q Oct 2
LU ^ U- < O
i^l— to * +
DOODOOO h- to £ :"" <r «*
l-t-H(-(-!-K- loo _< X ^ Z





ir>omoir.OLT\ In K. ._ ^-2X
3
0-~'r-tc\ic\Toro, cy;_j qq O ij- j I— 3'
<r< jim £ ^9 IHKKKH-l->- U-O
_lc* p> £<? -
•••»•» t l/lQ u (/) CO —IIIIIII Z "<t ., <-> ^
D.CI' Q • , a O. CO (~ ;r t-1 h- _J « I O
UJUJUJUJUJUJUJ <UJ O ^^ ro *"OOQCDQQ





i S ^ ^ ^ 5 S ££ ^?on . . . u ^ h-i 1-1 hh hh t-H ^ hh st k- "--— - — n m«g™-^.: c2 ° g<° ? ? ? ? ? « ? 5 £ ~S ~>2£s
-
. . . . . .
. o o 10 i= E E E E E F E + °- lLJO LU~~ ,0
• • • » » o « » «tT * . .— "-^^CLCLn-D. OUJ O <C~*~ .111
uj.j_j_j_,_j
_j _j ,_ qS * 9 9 9 9 9 ? £ c/) ^ •Icdooio iw
-J ••»... • coo. o u_fv Zi £1 /o "'-• ,"'A "'X £ £ °° *i-2za<« »h
ww^^^^^^ ,^£ 9 ^^ ," *~ » •- I! H- II K II H I! K li I- II I-- II || o .Oi--V)Ow +




S ^ £> < <- > -co-S *; °° - o; UUV.UJ- x - -c
x u-hz *-o rsz »>ir. r-x
h, X OI-< r-<- COC\jOX »-X^
__ 0>- • o. «Q<f. CM r.
J ~ OLUO r-X K-vD »|- »-
^ ZCOlD O LLO^ 2U-^. 5f- CO
,r, ;y
m
"^ < Nv Luootyrzujouj
|T ~ _$ F ^ ~S " ° OLA- (-DV.O
LU CO UJ,
-U_ u"xxo^t/iu.i»
,"7 r? + < ~ WO r~ <~uu *x
J? 5 »- H-O CD mm XUJ +ZXXO
=i 5b J^rr ><lu 3: mco O or- tu^co
"^ ^ h> h- O • 3: Z> H<ZQ .-
.
?* <->-/< -.>-< 5: « o ^ o- - - <r£ ^ m ~- 00_J <t .. ^LL'M KJhHffl ~ ^^ OQCCL LU Xo: VOKXMUJh
,*rr? s </,< — »w u-z> 2:00 -M-,
t
~!'-t- -^ ^S »->-CO CO N. t r) com f->„ v< .
£Lo 2 *i °°-j - *-* ^ «-x -x
np.r .CT v if ^- ,- *• LULL >-<r|- r-UJUJO Oi
^'• l '^*--^ <
-- T COO LU+ ^- »-H ^»i til xx ^.,m ....
K<^-^ o coo iu- lu<t cv uj ll. ^ ^\h?m iozS-
So S>w2 SrH y+ ^ ^^ 2,~^^ ^^5:^: Sm:>ol22cl
luo.~~<l7c m il ^ ^5 Ax ,-,^ c- Q ^zza^orK^ccLha^uozuaoo
^<lT>m£ S^m> 2m 2m S^ ?,^S^ 0COOOOOOCDOO00O OD^OhZ;^u.^m.^ >^'- ;> ^^ <^UJ OX CLC0,« soollllllll-i u_ llz ~j cc a: a LL CO LU
OOOOOO 00 o
vO o o
'-0-<CN n LA v£)











































0T t-o CMmo- m^oo <ar t^'OO^CT's}3 t-a
—<fr OCT Crr,
oou_
















































in ~i .--i 41 r-- ro («-
CMcn.-i^r-OO




r<" o oo ir\ rvj o r^
in >o»ce- cr, coc























































































f> I*- c<"l L> *0 -1"
fNifi
-rniM
































































































o. <UJ2 OTLUO l-LL
(.' LU
inoocm <«->i- r»-





f^- CM CO r>i or en cc
inr--coo-ii^^
•-i cm ^ in
-o r-
CC-<CVO





















Ciuo r- r-ocnr-j.-ir^!-<(\i--"<\ir\j j5ho-n
uj M(rii-.incoeomr-<s}-if\vj-fMOO'-<ir\
s:u ................
KOu r--l--4"r<'iCM.-iOC'r-irm —1 00 *0 «*•—
"











< ct; in r\i -j- in jj -o -o in -j mm .-i r- ro oc vf
2 Oiu
>-i uj.z o<-|roinr~cx r-irnir.r-aoa, , oO'-
<
oo>-< h| | | | | ^^H^Hf_(^ l ^i ^oirjiM










eno r- >J- r-i as m <m o vOvS'CMOoot^m
fnoo mo -omo -o f° o- •*• cr- fi oom
in >0 >0 r— cocoa~oO.-'Cnro,r~r\j^C—
i
t-i cm ro <+- in -£) c: o- oo <-* •-' <\i (xi CO
r-i v0 co oonj in r« rj ojoO co nim r-*m
p-l r-< —< —I—I Q L'\ r ' . .
t- sT oi--I— '-•'Clr'lst-h-cO-4-lA^H^ifi
(Oco^OcOccO-CMr-vtvO cclaooo
ccf- -O^O-O^-vC^^ J--CCCCI ^-irg




O • 2 OO
a: cm o o. OOOOOOOOOCN-CO-tmtM
O* -. - iMOOBOfl
>CQiOI\^v v. • , .-,'.' I vO-O






>~> « 2 >-
eg UJ HO
moi^'J-ir ^- voa'i r-isCfNjino^nj
cd o uj uw cr>oc ^oct ^cco i-coa c: •.C'Cor•-









</. aO t p





to CO U I h
_l ff| LU <c












O in X OS
U- O 1- _it-
. uiu-








D O >— CM w O
_i —< - >— inotr om.--!.-.o'-rvOinom,cir.o
OO 00 -• t— r— O'-< '-<CM'Mcoc<~.-4"-4"inmv0N0r-r— oc
CMO iS) X r-< D <IUJ ............C...
!"-•-«
-I t- O 2 a:uj oooooooooooocooo
• . < O . O (-U.
tocM--i r> 2 ^-< i_> uj
co c? uj z
-J u-r or UJ
h ii k -•• a
>- uo h-OOjVH h- . 2O «I-Z — ci O DZ
OCM>—UJ O <
-'O
•O^'M O UJ >-•—
cMi-rO _j x o <t-
lu'— uj to in ££U f-icM(n-4-m~or-coo'0'-icMr<'i-4-ingD
OU_ > . UJUJ -JMr-IHr-IH-l
U. K O I-IO
II II I- UJ K 2 -






















































t"--j'.ncrT,"ii^'-, U" N ror->-'LriCJ c<ih—<lO.C^^''>^-
.',• co mt\jo t- in r\i a h -J- cm (3so -t •-*
•J-m—lOC^cDom'4ml-^oc^I~-^Oln-trvr-loc^
Oco-^^rs/f^-o^OvOi-ii^ma vj-cc cMinf- in^
- < co vn cr, m & r-"i *J O cm cc t> —1 rj -J- u" .H cl q o en
inir-o -3- cr .-<-.*- ,oa>o O-O^OOOOOO 0—1 cm
vcr-ocNjvtr-a--<m^o-cr--^r-r-i^r--r,-^co
\D I nH-<• tr-'CMrvCMr-.rvc^ r\ic\;C\icMtMiMCMfM
<"
I I I I I I I I I I I I I I I I I I I
or^mrCiOa-o-3-(N.'orriO'K-mmoccjcorf''r^CT-




-J- u"W- CC O .-. CM 1 ri CO C , (ft -t -J" -J- .J LT> LO v0
of >-
< Oi/1
cxcfi f<- ( rO(\jO---<irir--coror<,iiACDrr, rr, o<!rd^0t-<r-<I^




<. —< CC •£> r-< O —1 ~! 1 in I- < b <M in in
i_) .'." I r-tc\iO-Or\jrvj^oa,coOci'<!-'-i't1 ^<iPio (\11r\r-.-
1
<I IU|— • •••••••••••••••••»••
u_ u_ cu\0-^^ONir\^l-<:-v.O(\jo--Oc\jOx iA^-iajvro<Ni
>- I
-J f'Cv"
uj :o a ac '^('".moO'v i-.ii.'w: iMrt
a 10 OO
u
O « ~Z- co
Ci r< o a.
>-< f\JOO -J- CO !M ^1 •* CO c\J<3O'1-CCC\Js0O^- CO%0
H J i : - - > : .. irojottN
1,5 er.l— (>—'0 !" uirOOE-Os'x iv rOO^inr-fr—fiCOlfN
UJ <tO
to UJi: <fi^-<C>0 0J 1^ ir\ «!• ro COO—' (*>>!- »C 00 0" •--'CNjCC
Iiu r-<(Mrfirn J uTKjr-oacOCM^OaCMJ-^OoO
u_ coa: hmh
oO h- -t oQ
Z >-
<_> ,-! LI J HO
.-•lli C3--ivi'octjv0m<ccNJr- -4-cc ^j-r- (Mcr c-,vj-r«->coO


















































10 c i •—• i— i— o--<'-< (N!(N)r<3r<",>i sj-m lo^oor-r- 00030
o
v00
(MO co O D <Uj
>>.-< ^f 2 KUJ OOCCOCCOOOOOOOOOOCO-JH
CO
l/)(Mr-< ^ r J o UJ
CD Of J 2T
_J CC UJ
11 II h- M (X
co
OCO-I- K Z




«MI-Zl_) < ! <t-j;o .-^<Mrfi4 in or-coaO'-KMrri-f uv^r-aooo--'
QU- • UJ'JJ r-i~4r*r-lr-Hr-(f-H^-*^-l^-<r\JCM
u_ HO l-co
11 11 1- u j y- zc >-
U.JO O LU















































^7777^ 1 777", r "rirrW^^fOmpr1 m (r,S^' I I I I











































































































CD r» , nI ° ^ UJ LU
II X
o '
O »(-2 1-1 a- o <->
OCNJ-.UJ u 5- ° OZ 00
•Ooo>-MNZO j t in '"^ ° ^





































































































































































































































































































































































































































































LU 2 CO X
>- < IU 3e
h- p-< h- U
—
t
o U CC >-
> LU UJ o o< CO or LL 2
or <
CD u_ UJ CD >C X <j O
u. l_ or Z3O X
u.
a cr;






































































































<UJ i» « •






sr o ) or *
o






























































<oroo osf * 2:cm
)— fX,: rO»—<r— II ei-i(T)
r~O II II OCCh-LT.OOvt
ZjLL',-fC\!r-l || O II I ||






























































































































<-< n n s 11 11 xorcocdULL>->->-N2h<0<U
O
o





_i < 1- UJ UJ
a. -J OO X en
a 00 < h- 2.
oo 2: Da 3
00 JO UJ D 2
<t <•-. Xoo 200
3:
2: 0^ OLU < UJ













































UJ X LLO LUO 2: • H 2X O _J 2 O: UJOO < O






















00. 2 (X|~LU O 001L liJO <oo <UJ









1 1 11 1 1




















( 1< _Jf\l LU )

























U- (X UJCO LL





<<XX O00|— UJ200 Oh-COo< s:<tujoo <>-. 200XDZ.1—
1





















UJ II x>> II >z> 00 <UmI CDWX(/)L) a: a d . !•... m
I— UJ o-*2 J>OOZ II 0-













<C t-i Q. •-< 00 >. XI— t—1 00OO <J. 3-'<< |— t-l 00 HH
r-*t c:; t~ a m uj x: .-h
+ vJ-UJt-! C 0"^.2 1— UJ 1! UJ00<C
II OZU.UJJ/X || ||
^QwOl/)UJ|-<0
O OO O in
r\j CO 00


































II •~< »•" t/0
•"""• < Z<C0O
r-( s II II <
1 U_! UJ t-^^Lu




OOK <s> si- 002:1—



































XOcm<ooO II II II <
"» l-H— '
Ujr-I NQD





























































Ooo LL.O— t-HO •OsC'-<|—





















































00 «^ 00 -~ t-~<O <.*-* < t~< LU<-^Q LUCO LU LLI LU-~- XCD0-3 Oo: Ooo ! O
a: i<- O cr<uj-;<- 2TO u -
:
O < »2r 5I<
•J- (. •SCM C0>7 2: • 00
"' S II cm





Oh< a'. •--•-- Ow C^
_j II II COO H- II (-— COO <—00 CC
-j: 1
I 1 s: r-'COl^ itTf-H ^0 •-i.oj
—J ST—E a:'— Qioo h-r^< <rcroo Ooo OC0 OOO 03:000 3:0 22

































h- UJO CQO o< Z>




<> # 2" C\l
2: dll ~-~ o .;;







1 UJ < •};-
UJ 1 or— Z-' c> or f\J
2! i—1 <; CO S^ CY. o |5~
on«— Z> 1 UJ LU 1—
<
Deo OOOO t-H 51 I— Q
oor; 2: co *— CO
; •&






z:r> f— oo cz >- 1—
(
Ooo OX> o— O ^» cc Oo + UJ_J rH CO h- 2; 1—
i
Ji
*=» LOO. »»3-v ».._- :*: >~x















II 2! CO O II * coo2Z «- _j XO ~
^_J .— i—
i
orr> vO— (- >»-t \s 3. o C>*-<l~ < C—'h-
<Tt-H|~ t"-t-H ,<£•_ 1- O II CC II H-2T X) -"- 11 2!K—'2: (. -r- «^-»~<
*ZT UJ CC C3 2!t-< h- 2*CO>—
1
D co O u-n ercoorrj
.: 2 o r^dor o II 3-OT
l-I-. cj <roo D2au o uouua
-L X<Q.
o o oo vx; o
h- » CC'
































































































































































































• »S.rH v. to V.IO •-vloX *VCO — to
—to — LO
—toto


































1 OV. OLU OLU OLU









































































— to — to
oto in 4.
ro +











II 1 1! 1





























>- H|- to << < 0.s O-J UJ
-J IXO X O< t-O
O-J
H
to 0_< 0; >-
—I ^0 to
LL <
LU IOLU UlO f- X x
< OtOh- h- (•
LL <£.'<-H a.
0; I.I ! £' LU LL
LU or X C
.





h- <aro 2 fmm{< UJh-U UJ i—
i
Xto ^ Ot— to UJ <c O Y~2 or or h- h- X
UJ uj<r<
o-o
; I--UJD LUX X
i—k oxo
_lf- I— • LUO OQ-tOtO oa O CM O—
LU OS 2LU LUr-l intO —iQlUar <o or •
-OXUJ 1- > X LL1 •
li. ,-i 02 1 LUk- O-LU
II luoxxo. O-J
»-<h- h- tO or*-<C! 1— LU or •
>-o <Q h--;:- O o.x
t- »oziz LU<Tt_ 1- II t—
1 i-OU II Ow O Xor 11 a:>—1-1-11111 l—o.ou.1O—(Ml— LUQ. UJ|— >l~ UJO
_Jf-< Uh azo. 2o_
_JwLUwOLUOO O LU U u;u_
>>oto2:i— u-aouo <S/>-i

















LU O h- z<r OO





LU oo *: +
^H 00 LU CCO oo
c\icOvi'tr.sor--cc <2 < CC
< 2;<
00























fe^o^c i^C^ 00 a. oo Z CO >•
• ••••••
_J s a LUh- 3 co
O <-* <-* cm f\J ro ro a: _J c 3 a 2 QiC 1
• » € » » <r--x _JUJ D h-O »— UJ
Khht-l-hl- LUO —JaT O OOLL l-H 2BOOOOOO I CD Ou o W-» a
• •«•»• oOO LLC0 o CO oIIIIIII 2 < z (—11/) —3.0
h- 1- H S— 1- 1- 1— h-< ILU I—
(
I---J o 1 ^
^.aaooao. 00 t-s: <t< c\lt-<o C)f
LULU LU Ll. LULULU <£LU o I i-r-j V.OOr-< OQQDCDQO -JLU 0^ 22 • H 00 c? CM 00 j£
or LUUJ CO O LU X*
• ••«*« e 2j; o C'-LU CM ro <t- LO •'."' r- 00 •n. z h- D 1 - LUCC CDOOO <K K H-S h- h- h t h- h- 1- ..- LU 2>- •—< Iezzzz: : I OCf- 2 2 2 2 2 2 C OfC UJ|- - KH 4 '. I h-£<<<!<<< h-K O LU <4" H STi~h : <— a c_D—
*
oo o C£C0 co co CO co CD CO CO 00 00 mO >LU—-O LU
^«^.m^^^ c*:< < + + + + + + + CO o<r •-:• Jf 4- < \~
CLTC loolo-o lu_j ,~. Ljj2 I I I I I 3" I I + Oi LU »o z>
o o IO h- H K H h- P 1— h- in < m<. or ' • .">—
I
a.
l«f-lfMCMfrifO>t CiLU 1 00*m a. a a. a a. a. Q. O LU o < ^»—- «LU 21
• ••••«* <I -4- K LU UJ UJ UJ UJ LU LU UJ ro I LU ft OOLULU> O
lUU I ' ! LU 1— LU UJ -Jh • C£< Q o o c . ' o o a CO OO •I CD L_ •> 00 00 n-- _J ^> O
—J -w-J —
1
1 _i I ( h- Ch .y. # & r- •K- .;:- .X. # 00 <j- 1~2 ir cl <?# •!—
• •»»«•<> COLL O LUrx' i—i CM ro •4" LO •'> r^- CO + LU-J- H-»o</^^oc?or OIIIIIII IO e < UJ LU LU LU UJ UJ IXI LU o iHUJr :'• < eOOC? t~hhK(-l-Hh H- I oo> D.OQ- OQ-Oao D- on. CQ-CQ.O ro h*h<hl- —'CMC '• )
ado.aa.Q.a au.i V- < O'-'OHOr-'i i ^ ll iChOhC r-l co r;<LUOCJ II II -J II 2
LUUJUJUJlULULU LUO O- -JOC _J _J .J -J -J _J -j _J OO COOO_JCOCJ II nO'UJ^ oOCOODCQ o< LU Z>< 00D COQ i/;DWC'/) CiWCtOCWD H,^ M(/J3 LL COO0>t-i 1—4
a: a ZTLU II K- II h- II H • II h- II H II H- II h - II K II 1 O UJ"-1coc—- + H
C£LU •»- Cr'2 00 00 00 00 00 OO OO oo OO 0000_J[— II » - <_J »-l ^>
U-LLU- LULL LULL D> LL Of < oocoocoooooOo'jaooOL/.r- CO a.a.'5._j!-oo SLULL— IU
HHt—H-if-i*-.!-.^ u_< i-. il_j o':Co'iOOOO l^OL';C)ooOoO(jjooo IS/ (/)W'j30i:<>H> oo
r-irMro-4-io.vOr-cc a- O




<x s: £r; ii <— > to.
+ riu-<r ^ L
*" v:r:N,' z: -lt.
-x
LU —
, sC. OI-S00MDX ^X<f
i- *~ ^ri^ „ LL'Lorvi-vo -k —
"> UJ m 2 -J2' -ZU-*- Z- coO co
_ ,,
c 5 " uju-MjjcoarsrLuouj
-J CO + £ K - SC^h- - »•O < ^
,_ n r U-li*l- t- _mj * ..X
^ LU-~ ( -X0 i ^ °^ O- ~ " <
CD
_ .,_ ^- ~
J < <M -^MJ-h ui-M
O Lt~ R££ u; .xilsui-xmEh
OLU c£ ^ -T.f,^ '"" LL^UJ .LLLU -<U_LU
»-<> O to<t '- LLO ~ — Oinocuo- (-- ZKC 2 ^^ . ,_ -~ - WOU.D ZTCO *-,
UCQ
I ^g ^>-iq £ CO M/>LLO-X-LU< ~ ^£ ^p.^. 2 II -JO- Oh *>£, ^
lu _ Ouo .
u
-"- *~ x- cv:.joo<vo- >*•
<2r cd ujoo < ^oo * t -Q<a:2a -z: -O CM 3 C< 2>"£ i 0fV ~ ^^Liur- o-
aro * I o? P:^^ ~ ~ • -a h- >-*-«/) -
lu * ~ <<• m£y
,7;
3:KXujcouj~oklu m
cm< co S . ^^g % x- - i-> xztoa r-<
~0 -x ,-. o o ujrxj r--^2 " v ^>-x -
>co ,>w < co-^ co+ o Si - ZLucnHCH-O -Oco ll
LUUJ^CLU ft O- K-. ~~ ^ m± sT l~" <-><U-D^)infti«J X
<>^-<i-;;- LU LU> <-«. uico h- ^2"- -. — U-Xl-CX;x XCIU.X XO»0 w
_j_ CO ^CO LL uj2*. ~ mCOOLUOOZCOLLCO- ^ 3
J-LU. cc o OOJ < ^ LU CO o "^ »-LL,-J »• I „x»<^-^--;;
.




+ ,j + 3 • -- £^v ° ^Jr:r:?r^5^ »<lu<oi-<kvo<
*u.>^s >io~> Slu 32 5^ JL^g^ SSS2P?.?.. "ot/>° o§u5cio°iwlu > Q.CO^<i j.UUU,U.LL|J || - LL LL£:_J. COLU(NJ
tM^I CNJ CM 0", sj" LO sC-ooc ^ ^
OOLOvOOO o o oCCCCHCvl
-y^ LT\ yj-j
^^ a uu uu uu uuuuuu




































































0" co Cr •£>
-J-
ir. sj- rn in vj-

















































vi- co <\) cm—< oo —> vo a-
a-oocM>D-ooccr--so<'<\j





ir» loc oco -h a ,-<o n0 coO • \J- ro -u <f lo cv co en ^}-
-J-tMt'iirirci.-iccLn.-.orn
cc ir\ (Njo roo 00 ^-1 ~J- oo
CT-
I I I I -H^^CM
CMOOvfoorMiTiO^ror^-ro
OOf-'r-i >





















































































































































oc if-i.-.-r-iriOr-ir- <ou ' 1
oj >o u \ t^ sj- a-o cm r-- vo cm
• * ' •,>*.
, #
Oco^>jr--irMrcw<;C5CM
rr. <- u 1 i/i ^- (\j (^. lt\o lo cc





in lo <j i) vo (-•• r>- co a~i 00 cm
•••••••••«
CM r- CM i^- CM I- CM r- cm r— tr\




in r- r— r~ >o lc\ coa ^c o cm
>t-i--J-<J--ts3-vj-vj-rococM


















































r< ^ to, r^j^ _,ain _,
SO | | , Hr.^NMnnnm






















a s u - a^ ^^oooostiTsoJrvjJeo








z O o '.<











D k£ ooooo'oo'o'ooodoo'o• > <3 t^iK f\l_
LUIO o m " ° uj
U-Oin>-i- £ oO .r-i-2
om ._uj u 5 wQ
<"sJ H2u


































































lO o l_> cc>~





UJ o h-1— (A
z r^- o
Ul
»—« t z >
CM UJ
t—UJ























































• • • t . .






























































N 0-iiMs}-invOooc'OCN)msrvor- a o • -<
<
























T" o- u.o . z. 00
CC (\i u a.
LL
1- X











2: t- Q ooo







o UJ uooo o •* X C>v
CC
u. r- h- _JI—
• IJJU..






00 X 00o O </ 2:


















































t-CDOiiO x. oOZ«.J< UJ
-"U LLOcC 00j6_J3:coo
















• • • • • e r • • « , , . t « t f f e
• —"«* w-iuitiw
,-H r-< ^H -. -1











-o —, ^Tw Or->>T0--(Mu~ip: o—<i>Jf
I 51 sSS5»«sSS2^=?^5!l?wss6S2
ooll




























f i r nil ^mmm
H- X










































,,, ^ - l^«^'«'0^«ero-.cNjm* lror-ooero-.cv:m^ lr.oi-eo^o-H^





















































































































































































































































































































































































































































































































































*— O «-» olo-j;- mm
\- 2 o«~o»w
w b LC\G0O</?LLI
t/> n >~'^Ln;i »
21 <el. 1- lOlOV .•v.
O o u WKVO
i—
<
—. — UJ < _' UJ ( . •
K- t- to ; i/)o •O *^ o < » . •








LU l— UJ D Lf\— |^-*V.CGO o O O -'l^>r-<_jrD
a: 11
1
or co _j3 »nto
UJ to UJ a r.(\i>y:
jr 3 u >— coco:d
(T 1 UJ a V» *-lf)
D o 3 "OOS ••
to a: </} >- OLO *-0"v.
LU o o-*v
>- 51 >- (Y incoroo •
CD GO CO UJ — ZJCr tf O
D 2! <LOLfi.
UJ to UJ UJ LU CO i-tOQ
Z: tcC CC 3 <f 1
o O O o <t hS.U'i
o H o 1—
<
— • </>"v.
^ ^ ^ UJ DQV
cc a: en 2 >—< If \ '— : .
o a o f-H to-'Q.a'^.
~-
'
IS 3: ^ ZcD ~C
*"" *— LUS^'v. •
21 HOG




D (X) ,=» rv (Mro
i/j ^^ 21
co to Z> <-»






































o • lo r*- »rHZhC •
(-in • c\jr~ || CD »i-<ro
h- L:"~iir\i-icof— o^oo-sf-
DLu II II r-< || O II UJ II






































































































































-2LQQ <T Ct (vi LU 2: LL
<£i— 11 11 s: 11 iiimj
O LL >->->- ivl zr h- u.<











































































































































> 11 a >oJ>OOZ











































































































































o o</>2tO 00 <T
Z)ZiiH< >-;i
aro »-c\.i:r; 1 —O h-HHCM-^ X<
• K- II O OLL
o t/x»-«LULuLr.^
_j




> + uj »~f <j- o >~><
S:2:i- LU3T II «--|~O II ^U-OIUO^ II II
LOlir:i-.oQtOi2UJ<cC



































_) H # K 22<
O Z # o <
> LU O UJ Ol-X
LL s: < 00 «— ZOO




_J z G_ OO h-
< »-H + z < Ooox
Z) — o !rU Z»-H






V O O Z5KI-0
o O _J • UJ h- OooOU.






Z o -^ Z -;;- S! ««. O0 UJt-<O'00
*—1 X oo -M ^ O ^H O IhKJ
o 00 R c£ LU a: oi 1 ._.' O<oo<
o D < '' O U- I—
<
o K- 3
< a ^v; a s: a: >-» SIoo ore?
o OJ si i—i CrT 00 OO LU < <UJ >c




MM o *Jr *- <r < t—
<
^ ezi>- K-O 1 r—
<
CM'- *~ > m a >w Z [ LUOOI— —
Li. hO 1 >- -;;• z z < < _j 00 «-» i-m K-<
UJ
-'O H~« CO #--w l o oo OO Q-l-iUJO w
CQ
_J «— Qoooo *~> z *— c <I O0 OK <
QLL 00 oo <oooo Z 1—
(
HH X s: < _JUJh-a. UJ
00 >C 00 00 cc<< w w oo — Q > <oo <r 0:
U + < < s: GW LU OO 1—
1
.1. <C Z U-O o<
2u -JO ^r £ 1 1 •- <; Ooo O OO y- ^^* <s: r« »-<UJI-H o-j:-
ID CJZ ; -c a 1 - in< ZOZ< —
t
OOZOO (./) ox ooif.:
-J >UI II G wOOOO »*Ir, < • t*5 00 *<. o^; t-ti~z:O y »-~ UJ ft <<r XO(M< §* <cms: < ct: a^OHO
> Sh- r-i Q Q2 s: II II O II II II 00 *L II o SI CUJ^C^v 11 «
oo-^: 1 LU O ::. <•>. <: t—lr— UJ —
>
•—<"-» UJ 00 Q -<OU- O f-h-<f-H|-UJ
LU II »-0 < CDXX »-H ID LUr-H mD <L II II ~ o UJ<OUJQ OO
X -J_l -"Z II II «>• o—Z K—o*—z s: OOOOOZ f« X-JUicuOO n Z
V- oo OOv-< i£ oo a: 1- U">00 »—
<
L;wO(/>M a OOLHOOt-HH- K D 00 u.O— >-+
>> 00 1— !_"• <o <£. sJ-ook- Q-OOLf '00(— <LTi<t-Z O *(j><Ji~H H~
3E <z UJ : : t : i—
<
<IZ • " s: ' 5TZ l-< oi^Ja:i- u —
z
3 •DZ3 so X <( c£ o ^v QC'QOoi 0<LLiJI-0^0
i/> 00 00 <o o XUJQ. Q<0 UQDOO 00 OQUOQ. liU^D'JCJU
o o o o
o LO o IT>
<i" «fr in IX vO































_J ^ H (X
LU to a. cxrxuj
JjT z ODh




CO H v—i OX
> O H iuoCs COo • a: LL,-~ CXLU
z C\J (N, LU CO"-* LU 1 1 • CO
< ^ s. H «— I/) CX co
>- "— «*"» U- 1 2".£XO 3;o CM (M < U13 O 1 1 u SO - s: CD CO 21
CO >- Ztt z CX CO t—
1




>- 9 »-hO —
;
a:.-; luz « 1 UJ
co K" h-;:- 1- CO— LLI 1 o:«-->-z 2:
*~" 0—
•
CD zd-h ,. t—1 i-O a:




ID CO CO co> 00 t—
<
'.




coo z:co<z: >w CDD LU CC LULU LUw XCO CO OSUUJ + O
a :•
:
CDcX ID CO HO lus: l-< CO
*: <* (X. < ZO CO z (~CO<It-<
cc -::- o UJ-!!- •--;: u.?: Oco OZ> C; o«~ ^»Q < »Z . HO GD + LU_JU) IT, CO t— Zw
IS. cdsknj *• 2: • CO •— COO. 1 •O •^^^# £". it eg """" Of\i v' 1! i^t—
(
21 ID Zoo ^. CvJCOLU 0<~ II on CC— CX— _)•"•.' II 2: cc — 11
:
t— iStDi-if-! CD —
-
Dw 0(/)LU JZO'jH wDUJ i-«i-i + LU3:< CO--w O— DH 3^^ ISOO <I— CO X coo 3T — (
—
!












il CO II l-Z.
—
'
^~»b^ ^T ex— 0:1/) H I-—2:
-<CO wZ LU
1
<T < cc o Coo DCD CD Oco ci U-O ocoo X 2:C 3 (XCD 02 COO SO 3:2 l-oo r-
. U
r-













































LU «>HZ OO ZZ2 <
o. zzz za
2: z
o o <— z^
o 0—0 »o
CDO ho
o Oino 11 cm
H I-C-iCnJ -^C\i
CM *• »•
21 UJ »-nO OvO
< _JLf\—. O*"
CX CG—LU OOUO <CI- hh
ex ujcurx OcX
a. cccxis Qi£


























































f\jO0 »-00 »•2 »-O0vOO0SD
•—








































































































































































































































































































i2 X I-hm o
o Z |-
uj xo <r
< UJ I- X 0H
I- X |- Z< 3;.
OO K LUQ. LUcC. I "^2 CDLU
_Jh- f-
-1 tO O UJ r-. "J Q
UJ C UJ.-T 2 X uj
i- x hz ra K s:
< u o Ha 2- ... 3




5 m=! !^rf ~^ c-cooooaoooa o oo
r>_j o: c? ^ -..-._«__, ^. z
oo o_< <lu oolij ;- > ^^^.^^^. _ *""° tE =?„* £ °? inomomSu ~ U" 2
£ uj~a: £ , ooeooo. X
"
5 =
•O »0 < UJ|-U_ D-S.UJUJ2-UJ Ki .'"" W "~" ——~w o' LLiUJ
-oo
-co h- £ uj x~>-i£oo_j a E 52 .;-»_,
ino mm S Ku0 luxqu.ox^ X ao ~~~™ -t^ ' * ' ' °° ° ^
™ o.ua o oa^S <o.-° U- KC? to3 S- O^C^^^O^Otf-.C ^-J ~ UJ2
I •:: I -::• uj o^ h-uj^xrrLLi- lu^ ^ e c O Xo
SS ^c^ u. J^j z^u,^ uj^ £uj -----^—ui: 3S i ,
woo woo >-o .
, i_jciiiin-yv ^ ir-^ iij-iiiiiiii xo • <r
|l= Sfc! ^^:.ll ixjE^~ ^ Ss SSSSSSSSSSS SS £; EiSOZ OZ _i^ OH CLUJZZw ^q" ~{" 3r^^^^ww'w" a ° ^^































h- H h-h z 2 r:





































































OOO OOD 4/0 C 00OOO O 00O 00iO COO










































































































































00 • XC r>O00(/-,v~_J>~
v" I— ZT «£_' Q. <I -K • I—
uj •<•- i-<o oo s:ooa:X .~i lu oc •};-









O0CO_JH II —.<_J .-<







































X > OO •> «w









I— <t !SL" *— ' .—i -if-





















































<->o oo ooooo o

» - Oi— •—'IU- I— ll
^ •" <',V > *-CO-
CJ> ii aj-vuj- x- -LL^-O II—XCM2 m ~x01— «i x v^oo <Dx -Xvd-






*" "Q *Om- hOVO
2-/5S- h-Ol/O • x « UUi-t r.<iui— U_
"*""* Zt/> — <>f__ wvxorwu-
UJ'-l I— OJ< KH SvUJ || - s^CM— - - *
+ < • — -IS — ,-au ^
-x
*"'-' h- CD I- f-XUJ -7XXvO
v)^* >-<o 3: lu^ztoq:- lusJ-co r.






-jujQ. . „ ^u_r-4<r(
-.-if-
1




• CM-umrxi/-)- 1— •» 2:
KJ5E o —• r-v.ou_r> 2-10 ^
"?«; •>- ^> LL- O l/MLO- X-
<TQ «r.'CC/) 3; ^LO - 0»-h *vO
*- + OOD •-





-J<r.jc C . - - vl-
LL.LO < „ + „ r . , . .
LJ<t O^'CO *-« 00 r— C? h- >--<(/:. —C?-"- h-OCO w 3,h »>lucou HCh ILI ^<f< UJ»-I< UJ H ,X , . .
s* F 1""2- * Of-a-xri- hjjujo; cm£° ^0 °° <LL>v»-> : _
O lu<^ DZQ ~ x 11 1 1 so jy,
<w ?* t" F^- + ^^ > ^ •» CM




5 x"; s^ ^ ^^ x -z ^
j ^.-, >-^ K ovjuj f m- xii.,. <- :- ^
n , IT ^^
< M
"» ^ LL o a. ..;- , .. .
> <Xtt m^ £ —CMXV X XOIO.X X
? t?, t" *. X *"LUO -UJUJhH. uu- - k- O — O.^-< 11 <-:;- ll.q h-2r^< 'ODD' ^. ^ wt">w^,„, |_ v. w
I z\Z ^ t OCl ' 1— 1— 1— . h-: 1 ; - .^ zi-i-
. fl^ R„* r"T tl^^Q UJhmi-- Cf<1tM<LU<lOf-<|-^<
I 2w c-m ,C,^ ?^- DOOOOOULU-O00O OIDLua-.!ULU OLU OX O-O0^<. 3TOOU.LLLL.LL - ^U. LL2 _i CC a O L.L LO LU
CMfO CV1 (NfOv) LOsOoooooo o o oCO! • Q Q
OOOCr-iCNj v; m vO





























































































































%r lt r»- •— ll:
• «rvco»~.








•S-<t--tif\yC<x>ocsi^-^,o-c^-4-r~o-—>mv^ot^cDt~-^>s j,cM(Morori--r--tT cm«- .*-• <o cor-- fir- or- en >o ma-
cs! r<i>i-ir. v0^c^O'^ouo^u^>cr^a:or^(Njf^«^in^^co^ON 00'^'^'^^<oocxu;r^'Cir>r<~i>--iO'r^-J''-'ouin^-"f^{\i
r-i-^^-i—i^i^-i^((Mt\itsjt\icNjrjf\joirnrArnMmrr. encocncnen**^^^^^^^eneneo^rnencncv,c\jesj<\j"-<r-i.-ioo
incoo(7, r-incnoe-incn--i.—<r\j sj-a">*r c\icnsOc\jcv;inr^cv;*omcj'COs^'^NO^<^r— r— enr-c^cctnocnm^mm-j-csi.-i
m-nc^o^cnmr— a'^c'i>ooOi^<r-OOc\j'COc\4>oo<'Coc\jsrjOinom
r^r^r^r^(\ic\icsjc\!r\'rncnrncns*.i-^s^mmmsOOp-e-e-ccccOOOO^^
-I—« i-l r-( ,-( r-! r-J -H ~< ~< ,-< r-< .-I —I r-l •-< >- C\| CM <\J fSJ
ocvocna,m*»oc\JvOinsoc --'--,-o:. socvjr-nnccinccoor- co—<u Or-«e-.-iOcn.-<oc\.'-si-cr,cr oinr- a pncvo- r--.-<
0<f ax -d"C-tno<r u <r>- i.iom^N<rooi Oi<ia)i<i(M<i*h om ir.fi r- co vd it.oo Q-' f\i n rvj ou"' o- <^-m (^ f i^oi
—i ino
-i- co ro a; cv soo -4 r- Orfiinh- c~ c crjcoocnomocoir t-e-sT' o o no&ooco —isO cmoo <-<<i" or-<cor- r-
>oo-cr-
(
sioa)0'5-ooo^'-| ^HHHrir-irf-i,-!ccC' |'-> «cm»t c - j cv.~tp we cc c m-co' Nine c\j-ooinoHHrlHH^I.-* —(f-lt-l^rt^MrH^I
I I I I I
— : ^—' r-J CM O-J C\J (<', C< , -j" st U~l
I I I I I I I I I I I I
0-m cv r\! r- r- m -J- <r r- <r c1 cm co c; i ; . i ..tCMsDr-- cocm«~.c\jC-o flo^iTcC CMenr- en <;•cm C* -t cm -J- --" in cm en
H'O'f i-it-tr- p- (N^CMnr-i^cvjr-r^.ocC'-C^cr-tr^mt i > - ;^ ^ c a: c m -J or ci co
m en -j- vC too cov - . mo : . y cm -c -< co <m c sO-iTnminr—i>< r c oc\i ; < c £>.-iino
m vt in >c r- c o i-i enm t~ o <- < en •.') co .-i -t -o o r v•. i mp-O*l"<»Cs)>0O^J"0mc enr-rsjeomeo -J-CMncvio- r-
r-",-(f-<r-<—<^-K\., (Mcvt\jc\jnjoif"'^,ric< "i-j- <r st -j-inininso-Osor-r- cc '..>0'- j '-<iMrMcncn-j-<rm.in>or-r-co
inOen^ 4->- vOOCM-O- >^rtU!Ol» ^-J-nIO-OC'On
i : t_> <r en cm co f- a rno -J"
iciO^mm - j>ooon >; 'mhoi t—sj mi » .o oor-ooornmi-ip-co
i . rcioini
O".^ t - - • .-cvf\,(\J rsj
r-f-t-r- cocrcccocr o <' . • > l "v^-mfMr-i
.
.i
-c (X1 co ^ i
.
i jvjir.r-coocv.mir - o-o
mi .O^O^OCOC-r-M u -vTCIcnCMCM,-!.-'OOO-Cr-J'^vt <W">J uv CO-0'0i0>0'Cr-l'0, ',l
-
: — t r- c r - . -~c -< enm r- c" - com i- . o»—<cnif t-oror—
ooa OCv Cs C,C^oOOO'-, - , '-| c\jc j j <rmmuv.n<;snNO^sCl-l-'r~r-r-cocOi»cccc(7 a cro-OOO
^H^^^-l^l^-lrt^-l^r-lr-i—!.-< ,-1 r-l,-tr-<.-l.-l .-I r-l .-I .->.-<.-< r-l. -•!,• I r-< r-l r~l.-<HHH —lr-< r- r-l r-!CM f >jr\J
«tr- -'>0"-«Orr) C G'^mnir-^CM>oOr~in^<i-inv.or-o>Or-<oco >omcf - i >sj-C'CHOr-r-icr.'-1r-rocc,o
ir\<trr,. .'-irJo^^o-taoc" • <a vf miioooo-r-rvi
corj, c--<'~<c\jr>Tpis! -J . i r> c->
-t sT -' . j- lin-O^H
CXrOCOOOOOOOOOOOOOCOOOOC OOOtrc0x O0-0' O-cooDOCcor-f-r- vr-OsCinm-3-vl-cCirsi^-i
r^HiHHf-lHrlr^ *H.-i^^.-^r^HHHHr-^Hr^H'-^l-^
Oinou"0'noi'''Oir,oinoincinOLnoinou^o^ci/i Oinotnoinoino i-'^oocir.oinoii'>Oir'Otnc>in
r-r-cocoo^a-OO—'-"!NjCNimcn<f-Ji/"o'-v"^^ I :^o—<^<csi(\jr>.,-o~? «*-mm -o o r- r- cc a: y o-QO'-"-'
icMcvjr\Jrv'c^c\jc\jrjnjr\irMrMnjnjNNNcs!rvcvrncornr>'Hnr^ •* J -t
















































































































































™ <^ ~ £i_ £2 ££? L29^ ^ 0ir' ^otnoL^ciroL^oino^oinoir.







mrom.-i.-rj'M-nmc-NO-Cf'-'-'NOrNjc^ *OfiO 4-coOs octNMf>oT-0(sj>omr--ocorooo^'UMnr-i^-t>3-iriro<xil^r--cvj(M30
f^inr-Of^^0^ooftcOroos^oin-^r--0\jcCftaoficocjsOC*C\jf^f. ^cocnJn} ^ —'u-.*0vf0*0'- O o -^ ft cc oo <r inO
in
-o h- o- o— f> >J m <*- oro —i funo coo*—<<\m irii"-00O'-<(\j>J u n <j r- r - co co cc co r- •£> in f-icsio^roo-o •-<<>•-; in o>
rtrHr^i^(\j(\ir\,njr\jr\jnj<riro<^f^ftft(^^^vr.^^Nrinininin^ininininininin^
mcco-Or-mfior-mf-i.-<'-ir\j*}-eo ^<\jn^-or\ir\jtn~<rVvOtno^conj.^>D^rnrM^rcif^ov ooinOf">inNOinin>tc\i.-io
.frooroOs \0»tcOMf"iinco'\jl'--r>-iOcc coo-—<<f o-intN.- --
-
"MsjCM-i-comoO o^—<m r-i o~ coC r\j r-- »*•m xj- r- c\j
in^cco^-^f^inr^o^—wOcCr^-3-<oC^r\i*CO^r\jvOO^ooni^Ou^otnoino>Ocvjt^«to*Of^
m.-io-r^ •-km in >£>•-< ooc-tvo >r*t r-o-JJinf-iNOOfioo-vM'-or-" j- --< r^ f> fi n}- yj- im in r-i o- Lnc fi—irooin»omN
ohni/iconh/ici: ooof m >o vOfir-r-fi«j-r-uM moirnni-<o»-<t< u line «occf- ifii'if-rncj-
<\jr-<\i^-<vccmo, -}"C'moino -J-co cm -o o- <\j in. r- croOoom vO in c\jo oc cc in o -o—< ^o -j- •£> t\i .-< ftc •-< «o ofto
t--r--ooooo-0"00--ir-icsjfi rfwc^
-J- in in m»e>0<>>0 r^r-^l^- £u*. -4- ft--< o* f-m c^'o ft -OO ^ - O -tCf^nh ftOvDft
,H „< _| ,-4 ,_,,_,^! ,_!._<,_, ,~l,~| ,-,,-h _(,_.,_< _<_,HHH— | | r-< r-l — 1 C-J (\J ft sj -tf U
I I I I I I
incoroccor- cc »* Nr^-^'C-O'^o---* sD-coc-<l--J 0(Ni^vDcoocc(Nisj-(Njof^-r--o f^ ' « i a "~>Ovr>vnr- Oft coco
fift-O'-if*- .£ r- O ft f r- ft f. f-- st *f I-- -3" in cc vO r- n o'- ''•.." . r . . .
o< x--" >i \'vt -ro-rs; ITO c" 11 ...,-,.• irr-rvr-j^oo-J-.-icfta N- r\j r-< (\J so
<*w in-£>or-cc<^o —w-j m^f^o 0--if -4'sor- C ocm-j m c ut—i(~,j-ottJinftr^oov o:>cocGcco^o >--'cr>>J-fic\ir-i
.-ii-^r-(r-i,-!!-i!-<t-<r\jc\jrsi<\K\'r\ic\i<\j ftfiftfifift (v,^ ^j- <; ^ ir>vO>i.|^cocoo^o ,-i ^r\Jn»l"in.i.)i— o o—<c\ifi<nn
p-i— ^-ir-Wf-i^^r-i^i^rvirvjcsjOvinj.-M
i<i^<t>ciA-}-^Mn*(tn(ia'h-^o in^u^h-coin—iooir--^~*—<!^o-o.^^--o-f >r>occOinr-fir-incor-.-<cooo
o^DCcc^jooino ... 1 • , - ~j- en cnj r—1
.
oovOOi -4"fimcjroco^j a-ftr-croo- •o«-<r> . >vjf\ina-i
C OG^-ftr-o^occircri-vrvC. DcMCom-J'I'-m iin.r-«trirvjcOr-i
O'roir-cc.-ifvnGOO-.-'CNiNr-uv.evor'- r-r- v n . <. . omoonjr-rt
O —< —> —t cm c\j f\i (M <M ft ftf ft ft ft ft to m r
.
(\i(\lfs,'rv.rjr.ryit\i(\i(vr\ji\jc\if\;c\itvi (vnjnjn.-cv'cv.-j-.. .. »
ONXNiO-OMOOOOOOOOOi • -oo*
m—1 nj co < tO c - ' - '
t-.-i.-i. '-i-i^WTOi'.i^ : I '•
O^O-O^O-C' . c^O> O^O'OC^a-C^ O'O^t^O O-O^'-^Csiot^ini.r,<0r~-cP0'^O'~:^Mf'"i-4' |n-0<''^, l^-
,
—1 ,_( ,--i . <_| i._,,-i,-1,—tr '.,-.i--((\|t\J<\ICNjr\IC\JC\IC\l(\J(\i(\j
O^O-mvf)—iroc-cr-covt -i-oOinm o-Cf^-.'c —i'- 'lOOftOO-coco - - <--r> , ir -orvjvOr-- —i^} -
^no^ ~i"O i^'-<i."\a'f<i • osr^r-Of -• or-—<oftf-—icoft
0~ —1—< t\j ci f1 -J"
-J- <r inm in -o «o £> <£> -o J) voo in vr\ in «j- -jm ni c\j—< ct i^- o -J- r\JO co inm a-o ro 00 vf o f. vO o- O1 r-
OHH^^Hr<HHHi-l-l.-lrJ-lH^~IH,JHrlriM r >lr.riHrfHC' CO CC/ 00 |~- f- OO U> -J" ft !\l
omomomom omoinomom omomomomoii^r i i omomomomoinomomomomo
f-f^ooecO'O'OO—'f-icv cm fifi>j-«j- in in o>Oi~-(- o--i-'it\jnjfifts( <*-inuNO>oi^l~-oocoo-o, oO'-<»-iovj
^rH^.^r^t^cMrvjc^rMiNjcjrNjcvicsinjCMCMnjCMCNjcMc^iNjrsirvjtocorn^rcir^
»ti/tor^ccoo^c\jf-, ^flf\^c(^cco^^J^c^J^o^fL^^^-&'-c^o-J cMfl^tln^^~coo-o^c^lf.^ln^c^-too, o^rvro^-(^f^^rne^co^^^^t^^^^\ik ^ir>ininu^ininir.Lni;-.'x.oo^o^vO-OvO<:-ONO(^r-r~i~t^r^r-r^i^^
251






...... . . .


































DO > 1*1 00of
LL o 1-














LL. nj 1- >
_J <
00 <o X in I/)o O o z
_i • 2: . oOO © »< CO
r~
o












uju^ca LU f '

























co ro ro c-i ro
rororororor.-.fo
-4 <^fv/<Ni«NicjfsicM<v.'(Mwim(v» r-lrn l-,-, r« f^ rrl(,-, fri>t








I I I I II
in CO r\, ir> roO—' t-> vD h- f- f— vC O if\
-r r-
-
<• vj- co in u -o co (T- -~io •-< co r- (\j o r-











- in in r- rt co r-- co c\j k-
•J -t ^* in ;r\
-o h- a- o
•••••• t c . .
CO a- O -l f\J fn
-J- 1A vO CD
nj cmm ,-n ^ ,,-<-, mmmm
Ovocoi^r-c<-if<icco>o




o ok r^ r- r- 1^- (~ co
0"OOr-(fVIV|-J-ir. £K
• ' i i i TVVT








rr, ro rr,m vj- sj-
cr i--m co in .-< ^-i rn sj-
^
fNjinor-^o-fvj.-,r-i-.
! ' 1 C7> CM (N"| vOo -o t—
••••••••„
<\.'Of---.rrvc o- .
<v •-> • -i —< ._•
..<
f- CO sO .X I
<J • ] -I COC )r-)(<-l
~'<Vf\"\jr\; rNUN,. |
irioc co in cc vo <kt> soO CO >*> cr COO s!' vO CC <\J






•-•O f>l im ir . f\J >* r* _| vt
• •
O* >o vj- in« <}• in in .-< ,-<
f^mmr«-,-icof~cor\jcc
J^^^inin^r— o^o
fM t\J r^i rr, (,-> r, j^ ^^^
O >c co in (^ ro ro cc vo
-£>
< . r . .
•"-<o c> co r- r- r-n f-- 03cooh\m ^ it,o r-
'111111,1
i^omj-^j i^-tv—iin
com m a- —i c- m ^j- .-< .4-
• ,
riOOO B>C'Om.
ro-d inin or- ooo o^-*
CTf-inejifw-i-im^-^.
<vmo r- ^ o - CM —i r*- r-(
r-- cc ino oo io ^>o -f i ,^-
• *
• e




cm^ oa OM J J) co c>
r~ co cr o (\jm <j- ino coino in --i oj _, vj _, ^, ,_,
C--<c\j>J-um^cco-".-"
• i J fNi (Nj r%j (%j r<~ i~-irn








J- in in >o\0 (*-.- ccoo-
•4" ^
-J"
-J" v}- s}- >t <^V
























oooooooooooboooooo'HH*-^^ • • •
;
• •J-. .* <\J <m rv rvj t\i o-i r-,m rf) «d/































































































-J » « £ n
<roo>h- £ " ^l-O .1-2
_ a- rj






II II II I- UJ t- 2 ^^^^™ rotNJ<NlfV<\J(\jr\jr\J<\;r<ifr>r'>ntci











<rrocr.o<-rocoroir> co cm r- co octcocj*.-j^cm/iom —< ~-i oj irs cr m r<"i(xi\j-4_ ccr^ooov '-<^'-<0 , coCv rMr--iTri^r~-CNiC, cOCT-t\jr-
vOK>e^minr^o^c^.vOcx>-^^o^CMvQC^cMvOO>*a3CM-C'Oinoi^
I^.^,^oMCMCNCMCMcopiCMcOsr-^Nt^ir\inir>NO<)f^p-rM-cccBa^OO'^^™
_y —< ,-« —i ,_._ _i - : „i r-< ,~<—< r-< 7-1 ~-< t~< -Jcm CM CM t\l CM CM f\l (M 00 (\J
^CMcOv}-in^vCii^0-ir>oOcMCMr^c£-<r lnr^coocMi/i>J^cjMjiOiri'^CMOC^'^^ara
(TkCCT vTr-iOO'O^C^O—ir-iooo-J- f r- r- re tr, (\j r*i 03 r- a- rrio co —i cr >Cv- opJ 00 snjjo^V cm <- P- co roo vo co cm cv lti a u~> pi
i^cMPitfil^o^OcM^^-c^ I^cM>r>£>uirMO"'sOO\icopnr~i^vrf^u^-£/>OrMO
ccCO'-ifMfOirvvOr-KC^i-icMrrisj-si-ir'. invO.^f^rcaa'O^CT'aro^vDvff-JOr-^t'-'p-MOu-v^r-p-ior^^r^Of^-J-fNiOacr-^)
~i --( cm cm cm cm 'm cm cm cm cm pi pi cop', cm cm cm cm cm cm cm cm cm cm cm cm cm cm cm cm r*' cm— —<.-< I ' •-l '*cM0Oro-i-tf vO*Or-cc cr Oi-i




.O .-j >C O '.cio -J- cr -J cm .-• co <5 ._ cr a rc t ; .; cMinc-cop- inmr- fMOvf coco--ro v.-mr~—i a. cp ir >c cr. cMOCMr- -C oco
>DC^—i^-sO<7-(MvO^-<-Or-<o.-; ^c-jOr<^^OOvj-cr'-4-Or-iAcoir>s}-r^ sr ifiOO** cMirNrMincM^r-'COr^i^^L^Ovt r^o--< J-OOmt*.
in in -o no *o <. r-r- eocooj-C oo>-< "OP~co<? .-icm'-j- >£ir--c .-^mcMC'c--mvi rorvioJfMro-* •ficc•—<< <" <mi- cm m -j- >j--j- vf<MnmvO
r-«,-l,-l.-c.-l.-i,-lr-<i-iCMCMPJCMCMCMCMCMCOCOO10O




r- p- in <c o c^ p . o t— cr- ro ^ -c \ . i—<cM»f LOcoaa;ocjin..-<cc'C7-or^CMOro«)cMooc; —KT-^jmoiri-"" -MO^p-
m cm —i .-< cm< >o>Ocr c^^OsDcoi- cocr ir\ -j-r-corM vj-C^ vO^jOiacm C~ -f«;-ooO vi-^r-ur\--'Cr"~<<- .-".-itf iinr-'-iccjO'-^oiirr-
C^^f- cx\^-^ 0- r^ri^oocMr <cv v- ocmcmO couisf O'On3'C\i«0cmc 7, p-C0»-i>0'dTO>0Ols-<0l'-rM or- -+"•' ..•<'-
.£, 0- r-< CM IT ~- CCO ~-l CM , , ' - -- 4J u" i v* (MO ^' '-' CM 0~ rr. X r-( <J- r~ oo &• r
ini/iCvf) Oo* r-p-t-p-r- p-l-h- r--p~P- p-r-r-p- p-p-f—OvO >o in ui <!-<} co cm .-< OCT WNtfinrnMOO p-l1nJcmogo.On*cm
mmi/iinmmtfiuiirinu~''.nmuii.i ^?<~<r^c^r>~irr,mrnc^^rr r^.^. ,^:<^^(^r<^^c<^r<}<\^ic<'<^(\cv<\ic\'r-tr-<~-t **•-*,-<
(MCC-J-O-OCMOOOOOOOOO ONrrMOttvO-J csjOOO-C 'N3-0^0(MCOvJ-O^OCMOjNtO-OCMTO>l-0<3CMCO^O»0
cM>j"t^omo»,-«>o^cMor-<r(Mor-in<\Joccir\(r»<
cooic cocrr ro..cor~i~--<-J'COr-< mcMC r- sj-r-Jcj-. -ocoocorop-r-i >? cccsKJr i i>NJ)Hin
inm^sf-roMcopi-^-^rvj .- - , —. cm v}- <q c:> cjn -> ci - - ;- o-yr-- — -4-
ro co co o"i co to eo oo co co ro co co oi oi sjU'i!.'MfMi"\mmo«o>o«Or- cocro,-iro«rin-of^i-. [ ui-cp-coc-ooO'-I'-I'-icmcm
,-J ,_! —< _l^ ,-H ,-1 ,-l r-l CM CM CM CMCM CM CM CM CM CM CM 01 CC I CM CO P I OC
1
Mcvr.-cMCM'crco J - •-*•{ J---<cocmp- pm^c vOocn cm.--. >j-.-ivj-oco cm- i.op- --iccc s^cooioo^o<J-cMC5vCr-r-'jcMo^'< cor<iooi
mr-o-'r- c .-\.< ^p-coom? a- ex. CM?-c>cr-;-vD-j-.-<co<j o^crooc>r-cMr~c-CP>»>jcp.— o:-.— ,-.o:'--ic". mco>o
o^«0'C^C^'(?OC&000000 00<l**>O^Ol^lC^uAtrlf1^^JOao;o^tcMOCClO^ClOvOlClc>-J•owC^f'l^OMCMOrO
r- r~ P- o- r- c- cc o: cocoa cococDoO ^Ni-^-? Mr -3" <r<- O- <? J- v} «r»f vj-<-c*' 01 corn coco CMCMCMCM.^<•^0000'OTco^•-r--^Olc, <rc\i
ircir,0^oi-ro inoic'O^OinOii"Oino^OiriOiAOuioxvO^OiriOuio ,^OiriO^OLOOinciriOiroiriO^OLr\
r^cccccpoO'-i.^CMCNCO(O^,finui<>sDp-p-c0CDC'^OO.^^








m • to CO
t-K o O LLU.
lulu to Z
UJUjLO Zi
LLLL_J II || c
c K
-*oo>^- Zoo
r~o »i-7j t— < LU
^ u-r-»-<uj c >-0


























































CNJ LL \ - u
h •— ;u
( UJO N*" X 0"-~
1J- m t-- -il-
•
1





z f D 2




(M (/) M 1- '-X •J a <!U
to (_ r-l Z aau
-J • O KLL< 2 »~K LU
r^ uj Z
<*• Uj







CJ X -t <lr-
—
' to in CiOUJ









-O IT\ "4" <\J r-<
I I I I I I I I I
££-£ Kf^^'^^^^^nTO^^Mrn-j-Lr.r-crao^OO^Mrri^L'.fvj^^c. . *toCMnrg evicts (\jr-r- com.-, com.* f-o>
• «e*»e«v«o«t»«ct
^^^^ ^^^"Sf vo^-oininintn^o-c ^ooi-otni oif>M«\i^aco>o^-m-o»ooS>tSo»o5mSa" a cctx> mi




(Vj;-"'--*-'r-^ ror.jr-om.inr-a,c c co>o.j-rHCorrio^voa ^csjcvirHco^oo^cn^rwr-r-r^frio^inppivOJ-r-^-forvjSj-
S'X'S? '-"7^-^^ i' ^r~mao^c\jrn<ir..Or~co^O.-<rNjrA<ru^r~!U^O^r.;rn^L^Of^<x>cr^




Barden, Laing, "Time Dependent Deformation of Normally Con-
solidated Clays and Peats", Paper 6337, Journal of Soil
Mechanics and Foundations , ASCE , v. 95 (SMI), January,
1969.
Bowles, F. A. , "Micro Structure of Unconsolidated and Con-
solidated Marine Sediments" , American Geophysical Union
Fiftieth Annual Meeting Abstracts in American Geophysical
Union Transactions , v. 50 (4) , p. 195", 1969.
Bryant, William R. ; Cernock, Paul and Morelock, Jack, "Shear
Strength and Consolidation of Marine Sediments from the
Western Gulf of Mexico" , Marine Geotechnique
, p. 41
edited by Adrian F. Richards, international Research
Conference on Marine Geotechnique, Proceedings, 1967.
Ch u ang , Sheng - Lu n , Inv e_s_t igati on of Impact of Rigid and
Elastic Bodies with Water
,
Naval Ship Research and
Development Center, Report No. 3248, Washington, D. C.
,
February 197 0.
Clark, M. E. , and Robertson, J. M. , "The Kinematics of
Buoyant-Body Water Exit", 5th est Conference on
Flu id Mechanic s
, p . 4 30, 1957.
Crisp, Hugh A., The Measu rement o f Pelagic tarine Soil
Strength , Master's Thesis, School of Engineering and
Applied Science, George Washington University, August
1968.
D'Appolonia, David J., and Lambe , T. William, "Method for
Predicting Initial Settlement" , Jou rnal of Soil Mechanics
and Foundations , ASCE, v. 92 (2), p. 523, March 1970.
Eden, W. J. , "An Evaluation of the Field Vane Test in
Sensitive Clay" , Vane Shear and Cone Penetra tion
Resistance Testing of In-situ Soil , ASTM, Special
Technical Publication 399, 1966.
Erchul, Ronald Anton, Influence of Lubricants and Polymer
Coatings on Penetration of Oceanographic Coring Tools ,
Master's Thesis, Naval Postgraduate School, 1968.
Ewing, J. I. and Nafe, J. E. , "The Unconsolidated Sediments",
The Sea , edited by M. N. Hill, v. 3, p. 73, Inter science
Publishers. 1963.

Frohlich, H. , "Dynamic Properties of Deep Sea Sediments",
Miami Progress Report No. 67-1: 49-61
, University of
Miami, Institute of Marine Science, 0>NR Nonr 4008(02),
Report No. ML 67294. (AD 660 200), September 1967.
Harr, M. E.
,
Foundations of Theoretical Soil Mechanics
, p.
273-296, McGraw Hill, Inc., 1966.
Hartley, H. 0. , Gates, Charles E. , and Berry, Wayne, Earth
Penetration and Dynamic Soil Mechanics
, Statistical





Estimation of the Original Shear Strength of
Deep-Sea Sediments from Engineering Index Propert i e s
,




, Practical Information on
Aerodynamic Drag and Hydrodynamic Resistance
, Published
by the author, Midland Park, New Jersey, 1958.
Home, R. A. and Johnson, D. S.
,
"The Viscosity of Compressed
Seawater", Journal of Geophysical Research
, v. 71 (22),
p. 5275-5277, 15 November 1966.
Hough, B. K.
,
Bas ic Soils Engineering
, 2nd ed
. , p. 19 3, The
Ronald Press Co. , 1969.
Housel, William S. , "Dynamic and Static Resistance of
Coh e s ive Soil", ASTM.Specia l Technical Publ ication
, No .
.254' P- 4-35, American Society for Testing Materials,
1959.
Houston, William N. and Mitchell, James K., "Property Inter-
relationships in Sensitive Clays", Paper 6666, Journal of
Soil Mechanics and Foundations, ASCE, v. 95 (SM4)
, p.
1054-1060, July 1969!
Inderbitzen, A. L. , and Simpson, F. , A Compari son of Insitu
and Laboratory Vane Shear Measu rements"
, Lockheed
Missiles and Space Company, LSMC 681703, November 1970.
Keller, George H. , "Investigation of the Application of
Standard Soil Mechanics Techniques and Principles to
Bay Sediments", Proceedings, 1st U. S. Navy Symposium
on Military Oceanography
, p. 329-360, 1964.
Keller, George H. , "Mass Physical Properties of North Pacific
Sediments", American Geophysical Union Transactions
, v.
50 (4), p. 196, April 1969.

Keller, George H. , "Shear Strength and Other Physical
Properties of Sediments from Some Ocean Basins",
Proceedings , Civil Engineering in the Oceans , p. 391-417,
ASCE Conference, San Francisco, September 1967.
Kravitz, Joseph H. , "Repeatability of Three Instruments Used
to .Determine the Undrained Shear Strength of Extremely
Weak, Saturated Cohesive Sediments", Jou rnal of Sedi-
mentary Petrology , v. 40 (3), p. 1026-1037, September
1970.
Kretschmer, T. R. , In-Situ, Se a-Floor Plate Beari ng Device:
A Performance Evaluation
,
Naval Civil Engineering Labora-
tory, Technical Report TR 537, Port Hueneme , June 1967.
Liu, C. L. , Ocean Sediment Holding Strength Against Breakout
of Embedded Objects
,
Naval Civil Engineering Laboratory
Technical Report TR 635, August 1969.
Mandl, P. and Givens , G. , Dynam ics o f High-Velocity Pene-
tration Into Clay, Mechanical Engineering Report MA 248,
National Research Council of Canada, July 1964.
Meyerhof, G. G. , "The Ultimate Bearing Capacity of Wedge
Shaped Foundations:,, Proceedings, 5th Intf- tal
Conference on Soil Mechanic s and Foundati on Engi neering
,
v. 2, p. 105-107, Paris, 1962.
Mitchell, J. K. and Houston, W. N. , "Causes of Clay Sensi-
tivity", paper 6568, Jquj o oil Mech; s and
Found ations' Division ," ASCE," v. 95 (3) , p. 856, ; 1969.
Moran, John P. , On the Hydrodynamic Theory of Water-Exit and
Entry
, Therm Advanced Research, TAR-TR 6501, NONR Con-
tract 4438(00), March 1965.
Morelock, Jack, "Shear Strength and Stability of Continental
Slope Deposits, Western Gulf of Mexico", Journal of
Geophysical Research , v. 74 (2), p. 465-482, January
1969.
Morgenstern, N. R. , "Submarine Slumping and the Initiation
of Turbidity Currents", Marine Ge o t cchn i q u e , p. 189,
edited by Adrian F. Richards, International Research
Conference on Marine Geotechnique , Proceedings, 1967.
Muga, J. , Breakout Forces
, p. 4, U. S. Naval Civil Engineer-
ing Laboratory Technical Note, TN-863, Port Hueneme,
September 1966.
Ochi, K. M. and Bledsoe, M. D. , "Hydrodynamic Impact with
Application to Ship Slamming" , 4th Symposium on Naval
Hydrodynamics
, p. 1011, Office of Naval Research,
August 1962.

pazwash, H. and Robertson, J. M. , Flu id Dynamic Considera-
tions of Bottom Materials, Paper presented at Civil
Engineering in the Oceans II, ASCE Conference, Miami
Beach, Florida, December 1969.
Peck, Ralph B. , Hanson, Walter E. , and Thornburn, Thomas H.
,
Foundation Engineering , John Wiley & Sons, Inc., 1953.
Richards, Adrian F. , Investigations of Deep-Sea Sediment-
Cores , I_, Shear Strength, Bearing Capacity, and Con-
solidation
, U. S. Navy Hydrographic Office, August 1961.
Richards, Adrian F. , Investigations of Deep-Sea Sediment
Cores
, II , Mass Physical Properties , U. S. Navy Hydro-
graphic Office, October 1962.
Richards, Adrian F. , "Shear Strength of Clay", Geotechnical
Conference Proceeding s, v. II, p. 131-133, Norwegian
Geotechnical Institute, 1967.
Rowe , R. D. , et al. , "Penetration of Simulated Lunar Dust",
7th Symposium on Ball istic Mis siles and Aerospace
Technology, August 1962.
Saunders, Harold E. , Hydrodynami cs in Ship Design, v. II,
p. 418, The Society of Naval Architects and Marine
Engineers, 1957.
Schmid, W. E. , Determination of Soil Properties in Situ by
an Impact Penetrc rr.ete r , Princeton Soil Engineering
Research Series No. 3 , Report to Air Force, Cambridge
Research Library , AFCRL 66-43, 1966.
Schmid, Werner E. , Penetration of Objects into the Ocean
Bottom
, ( State- of-
t
h e -Art ) , Navy Civil Engineering
Laboratory, NCEL Contractor Report 69,030, March 1969.
Scott, Ronald F. , "In-Place Soil Mechanics Measurements",
Marine Geotech nique
,
p. 264-27 3, edited by Adrian F.
Richards, International Research Conference on Marine
Geotechnique, Proceedings, 1967.
Scott, Ronald F. , "In-Place Measurement of the Strength of
Ocean-Floor Soils by Accelerometer " , Proceed ings , Civil
Engineering in the Ocean s, p. 419-444, ASCE Conference,
San Francisco, September 1967.
Smith, R. J., "Engineering Properties of Ocean Floor Soils",
Symposium on Field Testing of Soils , ASTM Special
Technical Publication No. 322, p. 280-302, 1962.
Smith, R. J., Techniques for Predict ing Sea Floor Pene-
tration , Unpublished Report, Naval Postgraduate School,
30 June 1969.

Smoltczyk, Hans V., "Stress Computation in Soil Media",
Paper 5142, Journal of the Soil Mechanics and Foundation
Division , ASCE, v. 93 (SM2) , p. 101-124, March 1967.
Terzaghi, Karl, From Theory to Practice in Soil Mechanics
,
Selections from Writings of Karl Terzaghi
, p . 178,
prepared by L. Bjerrum et al., John Wiley and Sons, 1960.
Terzaghi, Karl and Peck, Ralph B. , Soil Mechanics in Engineer-
ing Practice
,
p. 135-17 3, John Wiley and Sons, 1948.
Thomason, R. A., Buccella, F. J., and Lindberg, E. I.,
Propellant-Actuated Embednent Anchor
, Aerojet-General
Corp., Downey , California, Ordnance Division, AD 850-
896L, November 1968.
Vey, E. , and Nelson, R. D. , Envi ronmental Effects on Engineer-
ing Properties of Deep Ocean Sediments
, I IT Research
Institute, U. S. Naval Civil Engineering Laboratory,
Contractor Report 67.020, AD 647-744, December 1966.
Walker, Leonard K. , "Secondary Compression in the Shear of
Clays", Paper 6349, Jou rna l of Soil Mechanics and
Foundations, ASCE, v. 95 (SM7), p. 181-182, Janua'ry 1969.
Whelan, J. A. , A Report on Ocean Bottom Sediments
,
Unpublished
Report to Naval Civil Engineering Laboratory, Septembcr
1967.
Wendel, Kurt, Hydrodynamic f sei and I ."/ d r odynaroic Momeni
of Inert ia, Hamburg, Jahrb. d. STG, v. 44, David or
Model Basin, Translation #260, 1950.
Westine, Peter S., "Replica Modeling in Soil Dynamics",
Paper 4980, Journal of the Soil Mechanics and Foundations
,
ASCE, v. 92 (SM6) T p. 170, November 1966.
Womack, David P. , and Cox, William R. , Measurement of Dynamic
Characteristics of Soils with Penetrometers, University
of Texas, NASA Contractor Report CR 849, August 1967.
Young, Wayne E., "Depth Prediction for Earth Penetrating
Projectiles", Paper 6558, Journal of Soil Mechanics and




1. Defense Documentation Center 2
Cameron Station
Alexandria, Virginia 22314
2. Library, Code 0212 2
Naval Postgraduate School
Monterey, California 93940
3. Oceanographer of the Navy 1
The Madison Building
7 32 North Washington Street
Alexandria, Virginia 22314
4. Professor R. J. Smith 5
P. O. Box CS
Ventura, California 93003
5. LCDR Jon W. Carlmark, USN 8
Office of Naval Research
Code 485 (Ocean Technology)
Arlington, Virginia 22217





Naval Facilities Engineering Command
Code 03
Washington, D. C. 20390
8. Department of Oceanography (Code 58) 3
Naval Postgraduate School
Monterey, California 93940
9. Professor R. Nunn 1
Department of Mechanical Engineering
Naval Postgraduate School
Monterey, California 93940






11. L. J. Thompson 1
Civil Engineering Department
Texas A&M University
College Station, Texas 77843
12. LCDR R. A. Erchul 1
155 South Pierce Road
East Greenwich, Rhode Island





Securi tv ( la si fication
DOCUMENT CONTROL DATA -R&D




2*. REPORT SECURITY CLASSIFICATION
Unclassified
2 6. GROUP
Penetration of Free-falling Objects into Deep-sea Sediments
iiptive notes (Type of report ana*, inclusive dates)
Master's Thesis; December 1971
>R(SI (First name, rr.tddle initial, last name)
Jon William Carlmark
T D A TE
December 1971
RACT OR GRANT NO.
BUTION STATEMENT
7a. TOTAL NO OFPAGfS
267
OS. ORIGINATOR'S REPORT N






PORT N ° <S
'
(Any ° th °' """'Z^ZTraTy-lTZ^TZeT
Approved for public release; distribution unlimited.
I E N T A R Y NOTES
12. SPONSORING MILITARY ACTIVIT'
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A rational method is presented to predict the penetration
of free-falling objects into deep-sea sediments by combiningproven empirical theories from the field of soil mechanics
with known hydrodynamic phenomena. The impact velocity of
the object and the shear strength profile and density of the
sediment are assumed to be known. The penetration problem
was solved through the use of a computer by equating the workdone during penetration to the energy of the object falling
through air and impacting onto a modeled deep-sea sediment.
The objects were simple geometric shapes ranging in weightfrom 500 to more than 1,000 pounds. The impact velocities
ranged from zero to twenty feet-per-second. The results are
compared with full scale tests and recommendations are made to
extend the method to a water-sediment interface. The method
successfully predicts the penetration of objects into weak,
saturated, sediments within the accuracy of the state-of-the-
art techniques for measuring the sediment mechanical properties
The impact duration time was observed to be relatively con-
stant and independent of object velocity, shape, and weight
implying that it may be a unique property of the dynamic





























C.1 Penetration of free-
falling objects into
deep-sea sediments.

